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DESCRIPTION 



WIRELESS TRANSMISSION SYSTEM AND WIRELESS TRANSMISSION METHOD 



AND 



WIRELESS STATION AND TRANSMITTING STATION FOR USE THEREIN 



TECHNICAL FIELD 
[0001] 



The present invention relates to a wireless transmission 
system and a wireless transmission method in which data is exchanged 
between a plurality of wireless transmission units, and to a 
wireless station and a transmitting station for use therein. More 
particularly, the present invention relates to a wireless 
transmission system and a wireless transmission method in which 
a plurality of wireless transmission units transmit signals using 
an anti-multipath transmission scheme, and to a wireless station 
and a transmitting station for use therein. 



BACKGROUND ART 

[0002] m the field of wireless communication, there is a 

technique using an anti-multipath modulation/demodulation scheme, 
in which a signal is transmitted simultaneously from a plurality 
of transmitting stations to deliberately create a plurality of 
signal paths, and a plurality of arriving signals are combined 
together on the receiver side, thus obtaining a path diversity 
effect and thereby improving the transmission characteristics. 



ATTACHMENT A 



[0003] For example, modulation/demodulation schemes with 



an 



anti-multipath property include those in which an improvement is 
made to the modulation scheme, including a spread spectrum scheme, 
an orthogonal frequency division multiplexing (OFDM) scheme in 
which information is transmitted while being distributed among 
a large number of subcarriers arranged over a wide frequency range, 
and a so-called "anti-multipath modulation scheme" in which an 
anti-multipath property is exerted by providing a phase or 
amplitude redundancy in the transmitted symbols, e.g., a PSK-VP 
(phase shift keying with varied phase) scheme (Non-Patent Document 

1 ) in which a convex-shaped phase redundancy is provided or a PSK-RZ 
(return to zero phase shift keying) scheme (Non-Patent Document 

2) in which an amplitude redundancy is provided, and those that 
use an ordinary modulation scheme but use an equalizer on the 
receiver side to exert an anti-multipath property. 

[0004] For example, spread spectrum schemes include a direct 
sequence spread spectrum (DSSS) scheme in which an original signal 
is multiplied by a spread signal having a wider band than that 
of the original signal, a frequency hopping spread spectrum (FHSS) 
scheme in which the frequency is hopped over a wide band, and a 
time hopping spread spectrum (THSS) scheme in which a signal is 
spread with a wideband impulse. 

[0005] In order to exert an active path diversity effect by 
using such a modulation/demodulation scheme with an anti-multipath 
property, there are conditions as follows with respect to the upper 



and lower limit for the TDOA (time difference of arrival) between 
signals. Herein, the minimum and maximum TDOAs with which a path 
diversity effect can be exerted will be referred to as the "delay 
resolution" and the "maximum delay" , respectively. The delay 
resolution and the maximum delay may be determined based on the 
principle of the modulation/demodulation scheme used, or based 
on the parameters and/or limitations on implementation of the 
modulation/demodulation scheme . 

[0006] For example, with the DSSS scheme, the delay resolution 
corresponds to the 1-chip length of the spread code, and the maximum 
delay corresponds to an amount of time less than the spread code 
length. Therefore, when communicating with the DSSS scheme, it 
is possible, on the receiver side, to separate a receive signal 
into delayed wave components and combine them together (RAKE 
reception) to obtain a path diversity effect as long as the TDOA 
is greater than or equal to the 1-chip length and less than the 
spread code length. 

[0007] With the OFDM scheme, the delayed wave components are 
absorbed at the guard interval set for the signal, whereby the 
maximum delay corresponds to the temporal length of the guard 
interval. Intersymbol interference does not occur if the TDOA 
between delayed waves is within the guard interval. Moreover, 
since an error correction operation is normally performed over 
a plurality of subcarriers, information can be reproduced even 
if some subcarriers have errors therein due to a multipath 



distortion. The delay resolution corresponds to a value around 
the inverse of the frequency bandwidth. Thus, with the OFDM scheme, 
it is possible to obtain a path diversity effect based on the effect 
of the guard interval and on the frequency diversity effect provided 
5 by scattering pieces of information over a wide frequency band 
and collecting the pieces together. 

[0008] Where the PSK-VP scheme or the PSK-RZ scheme, being an 
j anti-multipath modulation scheme, is used, it is possible to exert 

a path diversity effect and improve the reception characteristics, 
^ 10 as compared with an environment where there is no multipath, as 
long as the delay resolution is greater than or equal to a value 

i 

that is several times less than the symbol length while the maximum 
delay is less than the 1-symbol time. Moreover, even with an 
ordinary single carrier scheme such as the PSK scheme and the QAM 
scheme, if an equalizer using a tapped delay line is used on the 
receiver side, it is possible to separate and combine delayed wave 
) components and to exert a path diversity effect with the delay 

resolution being greater than or equal to the symbol length and 
the maximum delay being less than or equal to a temporal length 
20 determined by the number of taps. 

[0009] An example of a wireless transmission system that uses 
such a modulation/demodulation scheme with anti-multipath 
capabilities to deliberately produce a path diversity effect and 
to improve the transmission characteristics will now be described. 
25 [0010] Patent Document 1 discloses a wireless transmission 
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system using a modulation/demodulation scheme with an 
anti-multipath property. FIG. 40 is a block diagram showing the 
wireless transmission system disclosed in Patent Document 1 . FIG . 
4 0 only shows the downstream path in which a signal is transmitted 
from a base station 310 to a mobile station. In FIG. 40, the base 
station 310 forms a communication area (wireless zone) 300 and 
communicates with a mobile station 330 within the area using the 
CDMA (code division multiple access) scheme. 

[0011] The signal outputted from a wireless device 311 in the 
base station 310 is transmitted via a transmission antenna 322 
to a relay unit 320 and to the mobile station 330. In the relay 
unit 320, a signal SI received by a reception antenna 322 is delayed 
by a delay element 324 and inputted to a combiner 323. A signal 
S2 received by an antenna 321 is directly inputted to the combiner 
323. The combiner 323 combines the signals SI and S2 together. 
The combined signal from the combiner 323 is amplified by an 
amplifier 325 and transmitted to the mobile station 330 via a 
transmission antenna 32 6. 

[0012] The mobile station 330 is a RAKE receiver and receives 
three signals: a signal delayed by the relay unit, a signal not 
delayed by the relay unit, and a signal transmitted from the 
transmitting station. In the relay unit 320, the delay element 
324 gives the signal SI a delay greater than or equal to the code 
length of the spread code series (chip length) , whereby a delay 
greater than or equal to the chip length is produced between a 
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plurality of signals. Then, the signals are received on the 
receiver side in RAKE reception, thereby obtaining a path diversity 
effect and thus improving the transmission characteristics. The 
wireless transmission system deliberately provides an additional 
transmission path/delayed wave as described above, aiming at 
increasing the path diversity effect and improving the transmission 
characteristics . 

Patent Document 1: Japanese Patent No. 2764150 
Patent Document 2: Japanese Patent No. 2506748 
Non-Patent Document 1: H. Takai, "BER Performance of 
Anti-Multipath Modulation Scheme PSK-VP and its Optimum 
Phase-Waveform", IEEE, Trans. Veh. Technol., Vol. VT-42, November 
1993, pp. 625-640 

Non-Patent Document 2: S. Ariyavisitakul, S. Yoshida, 
F. Ikegami, K. Tanaka, T. Takeuchi, "A Power-efficient linear 
digital modulator and its application to an anti-multipath 
modulation PSK-RZ scheme", Proceedings of IEEE Vehicular 
Technology Conference 1987, June 1987, pp. 66-71 

Non-Patent Document 3: S. Ariyavisitakul, s. Yoshida, 
F. Ikegami, T. Takeuchi, "A Novel Anti-Multipath Modulation 
Technique DSK", IEEE Trans. Communication, Vol. COM-35, No. 12, 
December 1987, pp. 1252-1264 



DISCLOSURE OF THE INVENTION 

PROBLEMS TO BE SOLVED BY THE INVENTION 
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[0013] In an anti-multipath modulation/demodulation scheme as 
described above, there may be cases where the maximum number of 
branches being effective (hereinafter referred to as the "the 
maximum number of effective branches" ) is limited to a small number, 
for independent branches that contribute to the path diversity 
effect, for the following reason. While the maximum number of 
effective branches that contribute to the path diversity effect 
is less than or equal to a value obtained by dividing the maximum 
delay by the delay resolution, this becomes a very small value 
when the maximum delay is close to the delay resolution. 
[0014] For example, where the maximum number of effective 
branches is two, if two waves arrive with a delay therebetween 
that is equal to the delay resolution with a third wave arriving 
therebetween, the third wave will be superimposed on both of the 
first two waves and remain in both waves even after the path 
separation at the receiver, thereby increasing the inter-branch 
correlation in path diversity and thus causing deterioration. 
Where the maximum delay is close to the delay resolution, and the 
maximum number of effective branches that contribute to the path 
diversity effect is limited to a small number, the problem is not 
solved simply by adding a path with a delay. Examples found in 
the prior art, including Patent Documents 1 and 2, fail to present 
a method for solving this problem. 

[0015] A case where the maximum delay is close to the delay 
resolution and the maximum number of effective branches that 



contribute to the path diversity effect is limited to a small number 
will be further described in detail, with respect to various 
modulation/demodulation schemes. 

[0016] With the DSSS scheme, where themaximumdelay corresponds 
to a value that is less than the spread code length, if the spread 
code length becomes short and comes close to the spreading chip 
length corresponding to the delay resolution, the maximum number 
of effective branches will be a small number. For example, where 
the spread code length is a 4-chip length and the spreading factor 
is four, i.e., one symbol is spread with a 4-chip spread code, 
the delay resolution is egual to the 1-chip length and the maximum 
delay is equal to the 3-chip length, whereby the number of branches 
is about four at best. With the FHSS scheme, the delay resolution 
corresponds to the spread bandwidth, and the maximum delay is 
determined by the hop sequence length. Therefore, if the spread 
bandwidth is narrow and the hop sequence length is short , the maximum 
number of effective branches is limited to a small number. 
[0017] Moreover, with the THSS scheme, the delay resolution 
corresponds to the pulse width and the maximum delay is determined 
by the pulse sequence length. Therefore, if the pulse width is 
wide and the pulse sequence length is short, the number of branches 
is limited to a small number. Similarly, with the OFDM scheme, 
the delay resolution corresponds to the frequency bandwidth over 
which subcarriers are distributed, and the maximum delay is 
determined by the guard interval length. Therefore, if the 
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frequency bandwidth is narrow and the guard interval is short, 
the maximum number of effective branches is limited to a small 
number. With the PSK-VP scheme or the PSK-RZ scheme, where the 
maximum delay cannot in principle exceed the symbol length, the 
delay resolution is close to the maximum delay in the first place. 
[0018] This will now be described in detail with respect to 
the PSK-VP scheme based on the results of a characteristics 
evaluation. 

FIG. 41 shows the bit error rate characteristics relative 
to the TDOA between two waves in a 2-wave rice model of a quadrature 
PSK-VP scheme (hereinafter "QPSK-VP scheme") . The horizontal 
axis represents the TDOA normalized with the symbol length T, and 
the vertical axis represents the bit error rate. Note that the 
transmission path is a 2-wave rice fading environment where 
Eb/No=25 dB. FIG. 41 indicates that in the TDOA range from 0.3 
symbol to 0.7 symbol, the path diversity effect provides an active 
improvement, realizing desirable bit error rates less than or equal 
to 1E-5. Thus, the delay resolution and the maximum delay with 
which an active improvement by the path diversity can be obtained 
are about 0.3 symbol and about 0.7 symbol, respectively. 
[0019] FIG. 42 shows the bit error rate characteristics for 
two received waves (two signal-receiving timings) and for three 
received waves (three signal-receiving timings) in the QPSK-VP 
scheme, and FIG. 4 3 shows the temporal relationship between the 
two waves and the three waves used in FIG. 42. Note that each 



received wave is a rice fading wave, and the three wave model is 
a transmission path model where the third wave is inserted at a 
temporal position in the middle between the two waves. It can 
be seen from FIG. 42 that the bit error rate deteriorates when 
the third wave is inserted between the first two waves, as compared 
with a case where the number of waves to be received is two. This 
confirms that the third wave in the three-wave model is not separate 
from the other two waves, thereby giving the same interference 
or increasing the correlation, thus resulting in a deterioration. 
[0020] Where an equalizer is used, the delay resolution is 
determined by the symbol length, and the maximum delay is determined 
by the tap length of the equalizer filter. Therefore, a case 
similar to those described above results if the temporal length 
of the filter tap is shorter than the symbol length. Note that 
with an equalizer, where the number of taps significantly 
influences the circuit scale, the maximum delay is in many cases 
limited due to the circuit scale limitation. 

[0021] Thus, if the delay resolution, with which delayed wave 
components can be separated from each other, is significantly close 
to the maximum delay, the maximum number of effective branches 
that contribute to the path diversity effect is limited to a small 
number. Then, carelessly adding a path with a delay will 
deteriorate the transmission characteristics. 

[0022] Therefore, an object of the present invention is to 
provide a wireless transmission system and a wireless transmission 
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method capable of exerting a maximum path diversity effect even 
if the maximum number of effective branches that contribute to 
the path diversity effect is limited to a small number, and to 
provide a wireless station and a transmitting station for use 
therein. 

SOLUTION TO THE PROBLEMS 

[0023] The present invention provides a wireless transmission 
system in which a plurality of wireless stations each transmit 
a signal to a receiving station, wherein a path diversity system 
is formed by a transmitter-side wireless station, a multi-path 
channel andthe receiving station, the wireless transmission system 
including: a transmission timing control section for determining 
a transmission start timing, at which to start the signal 
transmission, to be a timing obtained by delaying a reference timing 
to be a reference for the signal transmission by a predetermined 
delay amount; a transmitting section for transmitting the signal 
at the transmission start timing determined by the transmission 
timing control section; and a receiving section provided in the 
receiving station for receiving the transmitted signal, wherein 
the predetermined delay amount is determined so that: signals are 
received by the receiving section at a plurality of 
signal-receiving timings; the number of signal-receiving timings 
is less than or equal to a predetermined maximum number of effective 
branches; a difference between the signal-receiving timings is 
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greater than or equal to a predetermined delay resolution; and 
a difference between a maximum value and a minimum value of the 
signal-receiving timing is less than or equal to a predetermined 
maximum delay. 

5 [0024] According to the present invention, even if the number 
of wireless stations is larger than the maximum number of effective 
branches that contribute to a path diversity effect at the receiving 
station, the number of timings at which the receiving station 
receives signals canbemade equal to the maximum number of effect! 
0 branches . Thus , even if the maximum number of effective branches 
of a wireless transmission system is limited, it is possible to 
obtain a maximum path diversity effect . Therefore, it is possible 
to improve the transmission characteristics of the wireless 
transmission system. 

[0025] Preferably, the predetermined maximum number of 
effective branches, the predetermined delay resolution and the 
predetermined maximum delay are set to values such that a plurality 
of delayed waves can be received with path diversity. 
[0026] Preferably, the transmission timing control section and 
the transmitting section are provided in the wireless station; 
and the reference timing stored in each wireless station is a 
predetermined timing, and the wireless stations store the same 
reference timing. 

[0027] Thus, wireless stations can transmit signals while 
delaying the signals based on the same timing. 
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[0028] In one embodiment, the wireless transmission system 
further includes a transmitting station for transmitting, to the 
wireless stations, a signal to be transmitted to the receiving 
station; the transmitting station includes a transmitter signal 
transmitting section for transmitting, to the wireless stations, 
a signal to be transmitted to the receiving station; the 
transmission timing control section and the transmitting section 
are provided in the wireless station; the wireless station 
includes: a relay receiving section for receiving a signal 
transmitted by the transmitter signal transmitting section; and 
a timing detection section for detecting a timing at which the 
signal is received by the relay receiving section; the transmission 
timing control section determines the reference timing to be the 
timing detected by the timing detection sectipn; and the 
transmitting section transmits a signal received by the relay 
receiving section to the receiving station. 

[0029] Thus, the wireless stations do not need to have a common 
reference timing stored therein in advance. 

[0030] For example, the timing detection section detects a 
unique word contained in the signal. 

[0031] In one embodiment, the wireless transmission system 
further includes a transmitting station for transmitting, to the 
wireless stations, a signal to be transmitted to the receiving 
station; the transmitting station includes: a transmitter signal 
transmitting section for transmitting, to the wireless stations, 



a signal to be transmitted to the receiving station; a delay amount 
selecting section for selecting the predetermined delay amount 
from among a plurality of candidate values ; a re-transmission start 
t iming determining section for determining a re-transmission start 
timing, at which to transmit the signal to the receiving station, 
to be a timing obtained by delaying the reference timing by the 
delay amount selected by the delay amount selecting section; and 
a re-transmit signal transmitting section for transmitting the 
signal to the receiving station at the re-transmission start timing 
determined by the re-transmission start timing determining 
section; the transmission timing control section and the 
transmitting section are provided in the wireless station; the 
wireless station includes a relay receiving section for receiving 
a signal transmitted by the transmitter signal transmitting 
section; and the transmitting section transmits a signal received 
by the relay receiving section to the receiving station. 
[0032] Thus, as compared with a case where only the wireless 
stations transmit signals, it is possible to increase the number 
of arriving waves arriving at the receiving station . For example, 
in a case where the number of wireless stations in a wireless 
transmission system is smaller than the maximum number of effective 
branches of the wireless transmission system, it is possible to 
further increase the path diversity effect by having the 
transmitting station re-transmit a signal. 

[0033] In one embodiment, the wireless transmission system 



further includes a transmitting station for transmitting, to the 
wireless stations, a signal to be transmitted to the receiving 
station; the transmitting station includes: a delay amount 
selecting section for selecting, from among a plurality of 
candidate values, a delay amount to be given to a signal transmitted 
by the wireless station; a delay amount adding section for adding 
the delay amount selected by the delay amount selecting section 
to the signal; and a transmitter signal transmitting section for 
transmitting, to the wireless station, the signal to which the 
delay amount has been added by the delay amount adding section; 
the transmission timing control section is provided in the wireless 
station; the wireless station includes: a relay receiving section 
for receiving the signal to which the delay amount has been added, 
transmitted by the transmitter signal transmitting section; a delay 
amount extracting section for extracting the delay amount from 
a signal received from the relay receiving section; the 
transmission timing control section determines the transmission 
start timing to be a timing obtained by delaying the reference 
timing by the delay amount extracted by the delay amount extracting 
section; and the transmitting section transmits a signal received 
by the relay receiving section to the receiving station. 
[0034] Thus, the wireless stations do not need to have delay 
amounts stored therein in advance. Moreover, since the delay 
amounts are evenly distributed among the wireless stations, it 
is possible to effectively distribute the signal-receiving 



timings . 

[0035] In one embodiment , the wireless transmission system 
further includes a transmitting station for transmitting, to the 
wireless stations, a signal to be transmitted to the receiving 
station; the transmission timing control section and the 
transmitting section are provided in the transmitting station; 
the transmitting station includes a delay amount selecting section 
for selecting, from among a plurality of candidate values, a delay 
amount to be given to a signal transmitted to each wireless station; 
the transmission timing control section determines the 
transmission start timing to be a timing obtained by delaying the 
reference timing by the delay amount selected by the delay amount 
selecting section; the transmitting section transmits the signal 
to the wireless station at the transmission timing; and the wireless 
station includes: a relay receiving section for receiving a signal 
transmitted from the transmitting station; anda relay transmitting 
section for transmitting the signal received by the relay receiving 
section to the receiving station. 

[0036] Thus, since the transmitting station controls the signal 
transmission timings, it is not necessary to provide, in each 
wireless station, a section for controlling the signal transmission 
start timing. Therefore, it is possible to simplify the 
configuration of the wireless station. 

[0037] in one embodiment, the plurality of wireless stations 
are arranged so that wireless stations located within a 



predetermined distance from each other have communication ranges 
partially overlapping with each other; the transmitting station 
further includes a delay amount adjusting section for adjusting 
the delay amount so that signals transmitted from the wireless 
stations that are assigned the same delay amount as the delay amount 
selected by the delay amount selecting section arrive at the 



receiving station at the same timing; the delay amount adding 
section produces a delay signal indicating the delay amount 
adjusted by the delay amount adjusting section; and the receiving 
section receives signals transmitted from wireless stations that 
are adjacent to each other at different timings. 
[0038] Thus, evenif the distances between the wireless stations 
and the receiving station are significantly different from one 
another, the number of timings at which signals are received by 
the receiving station can be made less than or equal to the maximum 
number of effective branches. Therefore, even if the maximum 
number of effective branches is limited, it is possible to obtain 
a maximum path diversity effect, irrespective of the distances 
between the wireless stations and the receiving station. 
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[0039] In one embodiment, the plurality of wireless stati 
are arranged so that wireless stations located within a 
predetermined distance from each other have communication ranges 
partially overlapping with each other; the transmitting station 
further includes a delay amount adjusting section for adjusting 
the delay amount so that signals transmitted from the wireless 
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stations that are assigned the same delay amount as the delay amount 
selected by the delay amount selecting section arrive at the 
receiving station at the same timing; the transmission timing 
control section determines the transmission start timing to be 
a timing obtained by delaying the reference timing by the delay 
amount adjusted by the delay amount adjusting section; and the 
receiving section receives signals transmitted from wireless 
stations that are adjacent to each other at different timings. 
[0040] Thus, even if the distances between the wireless stations 
and the receiving station are significantly different from one 
another, the number of timings at which signals are received by 
the receiving station can be made less than or equal to the maximum 
number of effective branches. Therefore, even if the maximum 
number of effective branches is limited, it is possible to obtain 
a maximum path diversity effect, irrespective of the distances 
between the wireless stations and the receiving station. Moreover, 
signals transmitted from all the wireless stations can be made 
to contribute to the path diversity effect without causing an 
interference for the receiving station. 

[0041] In one embodiment, the wireless stations are arranged 
in a linear pattern. In one embodiment, there are a plurality 
of groups of wireless stations, each group including wireless 
stations arranged in the linear pattern, and the groups of wireless 
stations are arranged parallel to each other. Thus, it is possible 
to cover a wider communication area. 
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[0042] in one embodiment, the number of predetermined delay 
amounts is equal to the maximum number of effective branches, or 
the number of predetermined delay amounts is two. 
[0043] in one embodiment, the wireless transmission system 
further includes a delay amount selecting section for selecting 
the predetermined delay amount from among a plurality of candidate 
values; the delay amount to be selectedby the delay amount selecting 
section is determined in advance; and the transmission timing 
control section determines the transmission start timing based 
on the delay amount selected by the delay amount selecting section. 
[0044] Thus, all the candidate values can be stored in each 
wireless station, and it is not necessary to set a delay amount 
for each wireless station. Therefore, it is possible to easily 
set the delay amounts. Moreover, since each wireless station 
stores therein a plurality of candidate values, the delay amount 
of the wireless station can easily be changed. 

[0045] in one embodiment, the wireless transmission system 
further includes a delay amount selecting section for randomly 
selecting the predetermined delay amount from among a plurality 
of candidate values; and the transmission timing control section- 
determines the transmission start timing based on the delay amount 
selected by the delay amount selecting section. 
[0046] Thus, all the candidate values can be stored in each 
wireless station, and it is not necessary to set a delay amount 
for each wireless station. 



[0047] in one example, an orthogonal frequency division 
multiplexing scheme is used as the modulation scheme and the 
demodulation scheme. 

[0048] In another example, a PSK-VP scheme is used as the 
modulation scheme. 

[0049] The present invention provides a wireless station for 
use in a wireless transmission system in which a plurality of 
wireless stations each transmit a signal to a receiving station, 
wherein a path diversity system is formed by a transmitter-side 
wireless station, a multi-path channel and the receiving station, 
the wireless station including: a transmission timing control 
section for determining a transmission start timing, at which to 
start the signal transmission, to be a timing obtained by delaying 
a reference timing to be a reference for the signal transmission 
by a predetermined delay amount; and a transmitting section for 
transmitting the signal at the transmission start timing determined 
by the transmission timing control section, wherein the 
predetermined delay amount is determined so that: signals are 
received by the receiver side at a plurality of signal-receiving 
timings; the number of signal-receiving timings is less than or 
equal to a predetermined maximum number of effective branches; 
a difference between the signal-receiving timings is greater than 
or equal to a predetermined delay resolution; and a difference 
between a maximum value and a minimum value of the signal-receiving 
timing is less than or equal to a predetermined maximum delay. 
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[0050] The present invention provides a transmitting station 
for use in a wireless transmission system for transmitting a signal 
to a receiving station via a plurality of wireless stations, in 
which a path diversity system is formed by a transmitter-side 
wireless station, a multi-path channel and the receiving station, 
the transmitting station including: a delay amount selecting 
section for selecting, from among a plurality of predetermined 
delay amounts, a delay amount to be given to a signal transmitted 
to each wireless station; a transmission timing control section 
for determining a transmission start timing, at which to start 
the signal transmission, to be a timing obtained by delaying a 
reference timing to be a reference for the signal transmission 
by the delay amount selected by the delay amount selecting section; 
and a transmitting section for transmitting the signal to the 
wireless station at the transmission start timing, wherein the 
predetermined delay amount is determined so that: signals are 
received by the receiver side at a plurality of signal-receiving 
timings; the number of signal-receiving timings is less than or 
equal to a predetermined maximum number of effective branches; 
a difference between the signal-receiving timings is greater than 
or equal to a predetermined delay resolution; and a difference 
between a maximum value and a minimum value of the signal-receiving 
timing is less than or equal to a predetermined maximum delay. 
[0051] The present invention provides a method for use in a 
wireless transmission system, in which a plurality of wireless 



stations each transmit a signal to a receiving station, for 
transmitting a signal to the receiving station, wherein a path 
diversity system is formed by a transmitter-side wireless station, 
a multi-path channel and the receiving station, the method 
including the steps of: determining a transmission start timing, 
at which to start the signal transmission, to be a timing obtained 
by delaying a reference timing to be a reference for the signal 
transmission by a predetermined delay amount; transmitting the 
signal at the transmission start timing determined in the step 
of determining the transmission start timing; and receiving the 
transmitted signal at the receiving station, wherein the 
predetermined delay amount is determined so that: signals are 
received at the receiving station at a plurality of 
signal-receiving timings; the number of signal-receiving timings 
is less than or equal to a predetermined maximum number of effective 
branches; a difference between the signal-receiving timings is 
greater than or equal to a predetermined delay resolution; and 
a difference between a maximum value and a minimum value of the 
signal-receiving timing is less than or equal to a predetermined 
maximum delay* 

[0052] The present invention provides a method for use in a 
wireless transmission system, in which a plurality of wireless 
stations each transmit a signal to a receiving station, for 
transmitting a signal from each wireless station, wherein a path 
diversity system is formed by a transmitter-side wireless station, 
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a multi-path channel and the receiving station, the method 
including the steps of: determining a transmission start timing, 
at which to start the signal transmission, to be a timing obtained 
by delaying a reference timing to be a reference for the signal 
transmission by a predetermined delay amount; and transmitting 
the signal at the transmission start timing determined in the step 
of determining the transmission start timing, wherein the 
predetermined delay amount is determined so that: signals are 
received by the receiver side at a plurality of signal-receiving 
timings; the number of signal-receiving timings is less than or 
equal to a predetermined maximum number of effective branches; 
a difference between the signal-receiving timings is greater than 
or equal to a predetermined delay resolution; and a difference 
between a maximum value and a minimum value of the signal-receiving 
timing is less than or equal to a predetermined maximum delay. 
[00 53] The present invention provides a method for transmitting 
a signal from a transmitting station to a receiving station via 
a plurality of wireless stations, wherein a path diversity system 
is formed by a transmitter-side wireless station, a multi-path 
channel and the receiving station, the method including the steps 
of: selecting, from among a plurality of predetermined delay 
amounts, a delay amount to be given to a signal transmitted to 
each wireless station; determining a transmission start timing, 
at which to start the signal transmission, to be a timing obtained 
by delaying a reference timing to be a reference for the signal 
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transmission by the delay amount selected in the step of selecting 
a delay amount ; and transmitting the signal to the wireless station 
at the transmission start timing, wherein the predetermined delay 
amount is determined so that: signals are received by the receiver 
side at a plurality of signal-receiving timings; the number of 
signal-receiving timings is less than or equal to a predetermined 
maximum number of effective branches; a difference between the 
signal-receiving timings is greater than or equal to a 
predetermined delay resolution; and a difference between a maximum 
value and a minimum value of the signal-receiving timing is less 
than or equal to a predetermined maximum delay. 
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EFFECT OF THE INVENTION 

[0054] Thus, the present invention provides a wirele 
communication system capable of exerting a maximum path diversity 
effect even if the number of branches contributing to the path 
diversity effect is limited to a small number. 



BRIEF DESCRIPTION OF THE DRAWINGS 

[0055] [FIG. 1] FIG. 1 shows a configuration of a wireless 
transmission system according to a first embodiment of the present 
invention . 

[FIG. 2] FIG. 2 is a block diagram showing a 
configuration of a wireless station 11 shown in FIG. 1. 

[FIG. 3] FIG. 3 is a block diagram showing a 



configuration of a modulation section 21 in a case where the PSK-VP 
scheme is used. 

[FIG. 4] FIG. 4 is a block diagram showing a 
configuration of a receiving station 12 shown in FIG. 1. 

[FIG. 5] FIG. 5 is a block diagram showing a 
configuration of a demodulation section 33 in a case where the 
PSK-VP scheme is used. 

[FIG. 6] FIG. 6 is a flow chart showing an operation 
of the wireless station 11. 

[FIG. 7] FIG. 7 is a timing diagram showing wireless 
stations A to D transmitting signals. 

[FIG. 8] FIG. 8 is a block diagram showing a 
configuration of a modulation section 21a in a case where the OFDM 
scheme is used for communication. 

[FIG. 9] FIG. 9 is a timing diagram showing a signal 
produced in an important part of the modulation section 21a shown 
in FIG. 8 and a transmission start signal. 

[FIG. 10] FIG. 10 is a block diagram showing a 
configuration of a demodulation section 33a in a case where the 
OFDM scheme is used for communication. 

[FIG. 11] FIG. 11 is a block diagram showing a 
configuration of a demodulation section 33b where a single carrier 
scheme is used for communication. 

[FIG. 12] FIG. 12 is a block diagram showing a 
configuration of a wireless station 20 where a modulation section 
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gives a delay to a modulation baseband signal, 

[FIG. 13] FIG. 13 is a block diagram showing a 
configuration of a modulation section 21c shown in FIG . 12. 

[FIG. 14] FIG. 14 is a block diagram showing a 
configuration of a modulation section 21d in a case where a delay 
adding section is provided between a read control section and a 
waveform outputting section. 

[FIG. 15] FIG. 15 is a block diagram showing a 
configuration of a modulation section 21e according to a second 
embodiment of the present invention. 

[FIG. 16] FIG. 16 is a block diagram showing a 
configuration of a demodulation section 33e according to the second 
embodiment of the present invention. 

[FIG. 17] FIG. 17 shows a configuration of a wireless 
transmission system according to a third embodiment of the present 
invention. 

[FIG. 18] FIG. 18 shows a structure of a frame used 
for signals transmitted by a transmitting station 13 and a wireless 
station 14. 

[FIG. 19] FIG. 19 is a block diagram showing a 
configuration of the wireless station 14 shown in FIG. 17. 

[FIG. 20] FIG. 20 is a flow chart showing an operation 
of the wireless station 14. 

[FIG. 21] FIG. 21 is a timing chart showing the wireless 
stations Al to Dl transmitting signals Al to Dl . 



[FIG. 22] FIG, 22 shows a configuration of a wireless 
transmission system according to a fourth embodiment of the present 
invention. 

[FIG. 23] FIG. 23 is a block diagram showing a 
configuration of a transmitting station 15 shown in FIG. 21. 

[FIG. 24] FIG. 24 is a flow chart showing an operation 
of the transmitting station 15. 

[FIG. 25] FIG. 25 is a timing diagram showing signals 
transmitted by the transmitting station 15 and the wireless 
stations Al to Dl of the fourth embodiment. 

[FIG. 26] FIG. 26 shows a configuration of a wireless 
transmission system according to a fifth embodiment of the present 
invention. 

[FIG. 27] FIG. 27 shows a configuration of a wireless 
transmission system according to a sixth embodiment of the present 
invention . 

[FIG. 28] FIG. 28 is a block diagram showing a 
configuration of a transmitting station 16. 

[FIG. 29] FIG. 29 is a block diagram showing a 
configuration of a wireless station 17. 

[FIG. 30] FIG. 30 is a flow chart showing an operation 
of the transmitting station 16 and the wireless station 17. 

[FIG. 31] FIG. 31 is a timing diagram showing signals 
transmitted by wireless stations 19 according to a variation of 
the sixth embodiment. 



[FIG. 32] FIG. 32 shows a configuration of a wireless 
transmission system according to a seventh embodiment of the 
present invention. 

[FIG. 33] FIG. 33 is a schematic diagram showing the 
positional relationship between the receiving station 12 and two 
wireless stations A2 and B2 . 

[FIG. 34] FIG. 34 shows the relationship between the 
path length difference Az and the distance x between the receiving 
station 12 and a wireless station. 

[FIG. 35] FIG. 35 is a timing diagram showing signal 
transmission in a case where the receiving station 12 shown in 
FIG. 32 is located within an overlap area A. 

[FIG. 36] FIG. 36 shows a configuration of a wireless 
transmission system in a case where the receiving station 12 shown 
xn FIG. 32 is located within an overlap area B. 

[FIG. 37] FIG. 37 is a timing diagram showing signal 
transmission in a case where the receiving station 12 shown in 
FIG. 32 is located within the overlap area B. 

[FIG. 38] FIG. 38 shows a configuration of a wireless 
transmission system according to an eighth embodiment of the 
present invention . 

[FIG. 39] FIG. 39 shows an example of an arrangement 
of overlap areas formed by a plurality of wireless stations. 

[FIG. 40] FIG. 40 is a block diagram showing a wireless 
communication system disclosed in Patent Document 1. 
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[FIG. 41] FIG. 41 shows the bit error rate 
characteristics relative to the TDOA between two waves in a case 
where the QPSK-VP scheme is used. 

[FIG. 42] FIG. 42 shows the bit error rate 
characteristics for two received waves and for three received waves 
in the QPSK-VP scheme. 

[FIG. 43] FIG . 43 shows the temporal relationship 
between the two waves and the three waves used in FIG. 42. 



DESCRIPTION OF THE REFERENCE CHARACTERS 
[0056] 11, 14, 17, 19, 20 Wireless station 

12 Receiving station 

13, 15, 16, 18 Transmitting station 
21, 152 Modulation section 

22 Data storage section 

23 Transmission timing control section 
24, 32, 153 RF section 

25 Antenna 

27 UW detection section 
28, 155 Delay amount setting section 
2 9 Delay amount extracting section 
33 Demodulation section 

151 Re-transmission timing control section 

161 Delay amount determining section 

162 Delay amount adding section 



BEST MODE FOR CARRYING OUT THE INVENTION 

[0057] Embodiments of the present invention will now be 
described with reference to the drawings . In this specification, 
a wireless transmission system wherein a path diversity system 
is formed by a transmitter-side wireless station, a multi-path 
channel and a receiving station is defined as a system capable 
of transmitting/receiving data using an anti-multipath 
modulation/demodulation scheme. Examples of path diversity 
systems include: (1) a system in which data is modulated by a 
transmitter-side wireless station by using a spread spectrum scheme 
(e.g., a DSS scheme, an FHSS scheme or a THSS scheme) and is 
demodulated by a receiving station by using a spread spectrum 
scheme; (2) a systemin which data ismodulatedby a transmitter-side 
wireless station by using an OFDM scheme and is demodulated by 
a receiving station by using an OFDM scheme; (3) a system in which 
data is modulated by a transmitter-side wireless station by using 
an anti-multipath modulation scheme (e.g., a PSK-VP scheme, a 
PSK-RZ scheme or a DSK scheme) and is demodulated by a receiving 
station by using a demodulation scheme corresponding to the 
anti-multipath modulation scheme; and (4) a system in which data 
is modulated by a transmitter-side wireless station by using a 
single carrier modulation scheme (a PSK scheme or a QAM scheme) 
and is demodulated by a receiving station by using an equalizer. 
Note that the present invention is not limited to those particular 
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path diversity systems as set forth above, but encompasses any 
path diversity systems to be devised in the future. 
[0058] (First Embodiment) 

FIG. 1 shows a configuration of a wireless transmission 
system according to a first embodiment of the present invention. 
Referring to FIG. 1, the wireless transmission system includes 
a plurality of wireless stations 11, and a receiving station 12. 
Each wireless station 11 is connected to the receiving station 
12 via a wireless connection. In the present embodiment, there 
are four wireless stations 11 in the wireless transmission system. 
Wherever the four wireless stations 11 need to be distinguished 
from one another, they will be referred to as wireless stations 
A to D. Where the four wireless stations A to D do not need to 
be distinguished from one another, they will be referred to as 
the wireless stations 11. 

[0059] Each wireless station 11 stores transmit data, which 
is to be transmitted to the receiving station 12, and a reference 
timing signal indicating a reference timing for transmitting the 
transmit data (hereinafter referred to as the "reference timing" ) . 
All the wireless stations 11 have the same transmit data and the 
same reference timing signal. Note that the term "timing" as used 
herein may refer to "a point in time". 

[0060] The wireless stations A to D also store delay amounts 
tA to tD, respectively. Each of the delay amounts tA to tD is 
a value egual to either one of delay amount candidate values Tl 
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and T2. The wireless stations A to D transmit data after adding 
the delay amounts tA to tD, respectively, to the reference timing 
indicated by the reference timing signal. 

[0061] The receiving station 12 receives the four signals 
transmitted from the wireless stations A to D. 

[0062] FIG. 2 is a block diagram showing a configuration of 
the wireless station 11 shown in FIG. 1. The wireless station 
11 includes a modulation section 21, a data storage section 22, 
a transmission timing control section 23, an RF section 24, and 
an antenna 25. 

[0063] The transmission timing control section 23 controls the 
transmission timing of the signal transmitted to the receiving 
station 12 based on the reference timing signal and a predetermined 
delay amount. Specifically, the transmission timing control 
section 23 determines the transmission start timing to be a timing 
obtained by delaying the reference timing indicated by the 
reference timing signal by the delay amount. At the transmission 
start timing, the transmission timing control section 23 produces 
a transmission start signal for instructing the start of a 
transmission, and passes it to the modulation section 21. 
[0064] In response to a request from the modulation section 
21, the data storage section 22 reads out transmit data that is 
stored therein in advance, and passes it to the modulation section 
21. 

[0065] FIG. 3 is a block diagram showing a configuration of 
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the modulation section 21 in a case where the PSK-VP scheme is 
used. Referring to FIG . 3, the modulation section 21 includes 
a read control section 41, a waveform outputting section 42 , and 
a D/A converter 43. 

[0066] The read control section 41 is formed by a counter that 
operates based on the base clock. Upon receiving the transmission 
start signal, the read control section 41 produces, based on the 
counter value, a data read clock based on which transmit data is 
read out and an address signal indicating an address based on which 
modulated waveform data is read out. The read control section 
41 passes the produced data read clock to the data storage section 
22, and the address signal to the waveform outputting section 42. 
[0067] The data storage section 22 passes the transmit data 
to the read control section 41 of the modulation section 21 in 
synchronization with the data read clock. 

[0068] The waveform outputting section 42 reads out modulation 
waveform data according to the transmit data from a waveform memory 

(not shown) based on the received address signal. 

[0069] The D/A converter 43 converts the signal obtained from 
the waveform outputting section 42 into an analog signal, and 
outputs the analog signal as the modulation baseband signal. 

[0070] As described above, when the modulation section 21 
receives the transmission start signal, the modulation section 
21 produces an address signal for reading out a modulation waveform 
from the wave form memory . Thus, the timing at which the modulation 
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baseband signal is outputted varies by the unit of base clocks 
according to the timing at which the transmission start signal 
is received. Typically, the base clock has a frequency that is 
several or ten-odd times higher than the symbol frequency (the 
inverse of the symbol length). Therefore, the timing at which 
the modulation baseband signal is outputted can be adjusted by 
the unit of a time period that is several or ten-odd times less 
than the symbol length. 

[0071] While FIG. 3 shows a case where the PSK-VP scheme is 
used, the signal can be modulated by other modulation schemes (e.g., 
the PSK-RZ scheme or the DSK scheme ) only by changing the modulation 
waveform data stored in the waveform memory. In a case where the 
PSK-VP scheme or the PSK-RZ scheme is used, the delay resolution 
is several times less than the symbol length while the maximum 
delay is less than the 1-symbol time. 

[0072 ] When the modulation section 21 receives the transmission 
start signal, the modulation section 21 modulates the transmit 
data into the modulation baseband signal. The RF section 24 
performs a frequency conversion on the modulation baseband signal 
to obtain an RF-band signal, and transmits the converted signal 
from the antenna 25. 

[0073] FIG. 4 is a block diagram showing a configuration of 
the receiving station 12 shown in FIG. 1. Referring to FIG. 4, 
the receiving station 12 includes an antenna 31, an RF section 
32, and a demodulation section 33. 
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[0074] The RF section 32 converts the RF-band receive signal 
received by the antenna 31 into a receive baseband signal. The 
demodulation section 33 demodulates the receive baseband signal, 
which has been converted by the RF section 32, to obtain receive 
data . 

[0075] FIG. 5 is a block diagram showing a configuration of 
the demodulation section 33 in a case where the PSK-VP scheme is 
used. The demodulation section 33 includes a wave detection 
section 51, a detected wave filter 52, and a data determination 
section 53. 

[0076] The wave detection section 51 detects the receive 
baseband signal outputted from the RF section 32 of the receiving 
station 12. The detected wave filter 52 is a low-pass filter for 
filtering the detected signal. The data determination section 
53 determines the signal outputted from the detected wave filter 
52 to obtain demodulated data. 

[0077] FIG. 6 is a flowchart showing an operation of the wireless 
station 11 having such a configuration. First, in the wireless 
station 11, the data storage section 22 stores transmit data (step 
S501) . The transmission timing control section 23 determines the 
transmission start timing to be a timing obtained by delaying the 
reference timing by a predetermined delay amount (step S502) . 
[0078] Then, the transmission timing control section 23 
determines whether or not the transmission start timing has been 
reached (step S503) , and if so, the transmission timing control 
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section 23 produces the transmission start signal and passes it 
to the modulation section 21. The transmit data is modulated by 
the modulation section 21, and then transmitted to the receiving 
station 12 via the RF section 24 and the antenna 25 (step S504) . 
[0079] Next, a method for determining the delay amounts Tl and 
T2 stored in the wireless stations will be described. The delay 
amount difference tr which is unique to a modulation scheme and 
with which it is possible to effectively obtain the path diversity 
needs to satisfy Tmin^tr^Tmax . Specifically, a predetermined 
delay amount is determined so that the difference between the 
signal-receiving timings is greater than or equal to a 
predetermined delay resolution (Tmin) and the difference between 
the maximum value and the minimum value of the signal-receiving 
timing is less than or equal to a predetermined maximum delay (Tmax) . 
As an example, a case where the QPSK-VP scheme is used for 
communication will be described. As described above in the 
BACKGROUND ART section, FIG. 41 shows the bit error rate 
characteristics where the QPSK-VP scheme is used. 
[0080] As described above with reference to FIG. 41, the optimal 
bit error rate is obtained when the delay resolution (Tmin) is about 
0 . 3 symbol and the maximum delay (Tmax) is about 0 . 7 symbol . Then, 
the maximum number of effective branches can be calculated as 
0.7/0.3*2. If the receiving station 12 attempts to receive three 



arriving waves with no limitations on the arrival time, the maximum 
number of effective branches will be exceeded, whereby the 



transmission characteristics can be deteriorated as shown in FIG. 
42. 

[0081] FIG. 7 is a timing diagram showing the wireless stations 
A to D transmitting signals . As described above, each of the delay 
amounts tA to tD stored in the wireless stations A to D is either 
Tl or T2. The values Tl and T2 satisfy Tmin^T2-Tl^Tmax . As shown 
in FIG. 7 , each of the four wireless stations A to D transmits 
a signal at a timing obtained by adding the delay amount Tl or 
T2 to the reference timing TO, i.e. , either at (T1+T0) or (T2+T0) . 
The delay amounts tA to tD to be given to signals by the wireless 
stations A to D are determined so that tA=tC=Tl and tB=tD=T2 , for 
example . 

[0082] Note that it is assumed in the present embodiment that 
propagation time lengths aA to aD between the wireless stations 
A to D and the receiving station 12 are all negligible or equal 
to one another. In FIG. 7 , the propagation time lengths aA to 
aD are designated as a. 

[0083] The receiving station 12 receives signals transmitted 
from the wireless stations A to D at two timings (Tl+a+TO) and 
(T2+OH-T0). There is a time difference (T2-T1) between the two 
timings . Therefore, it is possible to exert a pathdiversity effect 
and to improve the transmission characteristics in the wireless 
transmission system. 

[0084] As described above, according to the present embodiment, 
even if the number of wireless stations is larger than the maximum 
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number of effective branches that the receiving station can receive 
the number of timings at which the receiving station receives 
signals canbe made equal to the maximum number of effective branches 
Therefore, even if the maximum number of effective branches that 
contribute to the path diversity effect is limited, it is possible 
to obtain the maximum path diversity effect. Thus, it is possible 
to improve the transmission characteristics in the wireless 
transmission system. Specifically, in a case where signals are 
received by the receiver side at a plurality of signal-receiving 
timings, the predetermined delay amount needs to be determined 
so that the number of signal-receiving timings is less than or 
equal to a predetermined maximum number of effective branches. 
The predetermined maximum number of effective branches, the 
predetermined delay resolution and the predetermined maximum delay 
are set to values such that a plurality of delayed waves can be 
received with path diversity on the receiver side. 
[0085] Note that the present embodiment has been described above 
with respect to a case where there are four wireless stations. 
The number of wireless stations belonging to one of the two 
transmission timings is preferably the same or about the same as 
the number of wireless stations belonging to the other one of the 
two transmission timings. For example, where there are five 
wireless stations, two wireless stations may have the delay amount 
Tl stored therein with the other three wireless stations having 
the delay amount T2 stored therein. 
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[008 6] In the present embodiment, the four wireless stations 
have the delay amount Tl or T2 stored therein in advance. 
Alternatively, each wireless station may have both the delay 
amounts Tl and T2 . Then, the wireless station may always select 
the same delay amount or may randomly select one of the delay amounts . 
Moreover, it is preferred that the delay amount candidate values 
Tl and T2 are determined so as to also satisfy T2-T1= (Tmin+Tmax) /2 . 
Then, the receiving station can receive signals within an 
acceptable TDOA range. 

[0087] The reference timing signal shared by the wireless 
stations may alternatively be a timing based on a beacon signal 
received from a station other than the wireless station (e.g., 
a key station or a transmitting station) , or a timing based on 
the time information contained in a GPS (global positioning system) 
signal or a timing obtained from a radio-controlled clock. 
[0088] In the present embodiment, the wireless stations 
communicate with the receiving station using the QPSK-VP scheme. 
The modulation scheme may alternatively be the PSK-RZ scheme as 
described in Non-Patent Document 2 or the DSK scheme as described 
in Non-Patent Document 3 where the maximum delay is about 0 . 5 symbol . 
Also in such a case, Tl and T2 can be determined as in the first 
embodiment so as to satisfy Tmin^T2-Tl^Tmax based on Tmin and Tmax, 
which are determined according to the modulation scheme. 
[0089] Also in a case where the OFDM scheme is used as the 
modulation scheme, it is possible to obtain a similar effect to 



that of the wireless transmission system of the present invention. 
[0090] FIG. 8 is a block diagram showing a configuration of 
a modulation section 21a in a case where the OFDM scheme is used 
for communication. Referring to FIG. 8, the modulation section 
21a includes a read control section 61, an encoding section 62, 
an interleaving section 63, a multi-level modulation mapping 
section 64, a modulation start signal producing section 65, a time 
domain transformation section 66, a guard interval adding section 
67, a preamble adding section 68, and a D/A converter 69. 
[0091] The operation of the read control section 61 is similar 
to that of the read control section 41 shown in FIG. 3. The read 
control section 61 outputs the produced read clock to the data 
storage section 22 and receives the transmit data, and the read 
control section 61 outputs it to the encoding section 62. 
[0092] The encoding section 62 performs an encoding operation 
for error correction by using convolution encoding, for example. 
The interleaving section 63 performs an interleave operation on 
the signal encoded by the encoding section 62. The multi-level 
modulation mapping section 64 performs a symbol mapping operation 
using a digital modulation scheme such as PSK or QAM on the 
interleaved signal to produce a frequency domain signal. 
[0093] When the transformation start signal producing section 
65 receives a transmission start signal from the transmission 
timing control section 23, the transformation start signal 
producing section 65 produces a transformation start signal 
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indicating the timing at which the frequency domain signal is 
transformed into a time domain signal and passes it to the time 
domain transformation section 66. 

[0094] When the time domain transformation section 66 receives 
the transformation start signal on the receiver side, the time 
domain transformation section 66 transforms the frequency domain 
signal into a time domain signal being an OFDM signal. The guard 
interval adding section 67 adds a guard interval to each symbol 
of the OFDM signal to output an OFDM modulated signal. 
[0095] The preamble adding section 68 adds, to a signal, a 
preamble to be used in the synchronization operation. The D/A 
converter 69 converts the digital OFDM signal with the preamble 
added thereto into an analog signal, and outputs it as a modulation 
baseband signal. 

[0096] FIG. 9 is a timing diagram showing a signal produced 
in an important part of the modulation section 21a shown in FIG. 
8 and a transmission start signal. 

[0097] in the modulation section 21a, when the transformation 
start signal producing section 65 receives a transmission start 
signal from the transmission timing control section 23, the 
transformation start signal producing section 65 produces a 
transformation start signal. The time domain transformation 
section 66 transforms the frequency domain signal into a time domain 
signal, thus producing an OFDM symbol, according to the timing 
indicated by the transformation start signal. Thus, the 



modulation section 21a modulates the transmit data when a 
transmission start signal is received. 

[0098] FIG. 10 is a block diagram showing a configuration of 
a demodulation section 33a in a case where the OFDM scheme is used 
for communication. Referring to FIG. 10, the demodulation section 
33a includes a synchronization circuit section 71, a guard interval 
removing section 72, a frequency domain transformation section 
73, amulti-levelmodulationdemappingsection74, a deinterleaving 
section 75, and an error correction section 76. 
[0099] The synchronization circuit section 71 produces a symbol 
synchronization signal for the OFDM symbol, and outputs the symbol 
synchronization signal to other sections belonging to the 
demodulation section 33a. The symbol synchronization signal is 
used as a timing signal for internal operations of various sections . 
The guard interval removing section 72 removes the guard interval 
included in each OFDM symbol of the receive baseband signal. 
[0100] The frequency domain transformation section 73 
transforms a time domain signal into a frequency domain signal. 
The multi-level modulation demapping section 74 obtains 
determination data from the frequency domain signal through a 
demapping operation on the multi-level modulation constellation. 
The deinterleaving section 75 performs a deinterleave operation 
on the determination data. The error correction section 76 
performs an error correction operation on the deinterleaved data 
to obtain receive data . For example, a viterbi decoding operation 



is performed where convolution encoding is used in the error 
correction operation . 

[0101] With the OFDM scheme, if the TDOA is within the guard 
interval, there will be no intersymbol interference and thus no 
error. Moreover , an error correction is typically performed over 
a plurality of carriers. Thus, it is possible to better exert 
the path diversity effect with frequency-selective fading where 
a plurality of notches occur in the spectrum, than with flat fading 
where the overall spectrum drops down. Moreover, with the OFDM 
scheme, the delay resolution Tmin corresponds to the inverse of 
the frequency bandwidth, and the maximum delay Tmax corresponds 
to the guard interval length . Therefore, when using the modulation 
section 21a shown in FIG. 8 and the demodulation section 33a shown 
in FIG. 10, the delay amount candidate values Tl and T2 can be 
determined so as to satisfy Tmin<T2-Tl^Tmax . 

[0102] Moreover, effects similar to those of the first 
embodiment can be obtained also when a single carrier scheme is 
used as the modulation scheme and an equalizer compensating for 
the transmission path distortion is used as the demodulation scheme . 
In such a case, the modulation section is similar to the modulation 
section 21 of the PSK scheme except that a different modulation 
waveform is stored in the waveform memory (see FIG. 3) . 
[0103] FIG. 11 is a block diagram showing a configuration of 
a demodulation section 33b where a single carrier scheme is used 
for communication. Referring to FIG. 11, the demodulation section 



33b includes a wave detection section 91 , an equalizer 92 , a symbol 
synchronization section 93, and a data determination section 94. 
The equalizer 92 includes a transversal filter 95, an error 
detection section 97, and a coefficient updating section 96. 
[0104 ] The wave detection section 91 detects a receive baseband 
signal. In the equalizer 92, the transversal filter 95 equalizes 
the receive baseband signal according to the filter coefficient 
outputted from the coefficient updating section 96, and outputs 
the obtained signal as an equalized signal- The error detection 
section 97 detects an error between the equalized signal and the 
demodulated data. The coefficient updating section 96 updates 
the filter coefficient for the transversal filter based on the 
error detected by the error detection section 97. 
[0105] The symbol synchronization section 93 reproduces the 
symbol timing by reproducing the signal outputted from the 
transversal filter 95 based on a clock signal. The data 
determination section 94 samples the equalized signal according 
to the symbol timing to obtain demodulated data. 
[0106] Where an equalizer is used, the delay resolution Tmin 
corresponds to the symbol length, and the maximum delay Tmax 
corresponds to a temporal length determined by the number of taps. 
Therefore, where the modulation section 21 shown in FIG. 3 and 
the demodulation section 33b shown in FIG. 11 are used, the delay 
amount candidate values Tl and T2 can be determined so as to satisfy 
Tmin£T2-Tl£Tmax . 



[0107] Note that in the present embodiment, the transmission 
start timing of the wireless station is determined by the 
transmission timing control section. The transmission timing 
control section determines the transmission start timing to be 
a timing obtained by delaying, by a delay amount, the reference 
timing indicatedby the reference timing signal . Thus, an intended 
delay can be added to the transmission timing of each wireless 
station. However, the method of adding a delay is not limited 
to this. Another method of adding a delay may be, for example, 
adding a delay to the modulation baseband signal outputted from 
the modulation section. 

[0108] FIG. 12 is a block diagram showing a configuration of 
a wireless station 20 where a delay is added to the modulation 
baseband signal outputted from the modulation section. The 
wireless station 20 shown in FIG. 12 is similar to the wireless 
station 11 shown in FIG. 2 except that the transmission timing 
control section 23 is absent. Otherwise, the configuration of 
the wireless station 20 is similar to that of the wireless station 
11 shown in FIG. 2. Therefore, the same reference numerals are 
used, and the configuration will not be further described below. 
[0109] FIG. 13 is a block diagram showing a configuration of 
a modulation section 21c shown in FIG. 12. The modulation section 
21c shown in FIG. 13 differs from the modulation section 21 shown 
in FIG. 3 in that the modulation section 21c further includes a 
delay adding section 44. Otherwise, the configuration of the 



modulation section 21c is similar to that shown in FIG* 3. 
Therefore, the same reference numerals are used, and the 
configuration will not be further described below. 
[0110 ] The delay adding section 4 4 is formed by a shift register, 
and delays the input signal by a predetermined delay amount to 
output the delayed signal to the D/A converter 43. Thus, it is 
possible to delay the signal obtained from the waveform outputting 
section 42 by a predetermined delay amount. 

[0111] Note that while a case where a signal is delayed on a 
digital circuit has been described above with reference to FIG. 
13, a signal may alternatively be delayed on an analog circuit. 
In such a case, the delay adding section 44 may be provided subsequent 
to the D/A converter 43. 

[0112] Alternatively, a delay adding section may be provided 
between a read control section and a waveform outputting section. 
FIG. 14 is a block diagram showing a configuration of a modulation 
section 21d in a case where a delay adding section is provided 
between a read control section and a waveform outputting section. 
The modulation section 21d includes a delay adding section 44d 
for delaying an address signal by a predetermined delay amount 
to output the delayed signal to the waveform outputting section 
42. Note that the configuration and the operation of the delay 
adding section 4 4d are similar to those of the delay adding section 
4 4 shown in FIG. 13, and will not be further described below. Thus, 
a predetermined delay can be added to the modulation baseband signal . 



The present invention is not limited to the examples described 
above as long as a plurality of wireless stations can each transmit 
data at a timing obtained by adding a predetermined delay amount 
to the reference timing. 

[0113] Where the modulation section of the OFDM scheme shown 
in FIG- 8 is used, the specific method of controlling the 
transmission timing may be similar to that described above, or 
may be any other suitable method. 

[0114] (Second Embodiment) 

The first embodiment has been directed to a case where 
the PSK-VP scheme, the OFDM scheme and the signal carrier scheme 
are used for communication. A second embodiment of the present 
invention is directed to a case where the DSSS scheme is used for 
communication. The wireless transmission system of the second 
embodiment is similar to that of the first embodiment except for 
the configuration of the modulation section and the demodulation 
section (see FIG. 1). In the present embodiment, it is assumed 
that there are five wireless stations in the wireless transmission 
system. The fifth wireless station will be referred to as the 

wireless station E distinguished from the wireless stations A to 
D. 

[0115] FIG. 15 is a block diagram showing a configuration of 
a modulation section 21e in a case where the DSSS scheme is used 
for communication. Referring to FIG. 15, the modulation section 
21e includes a primary modulation section 101 and a secondary 



modulation section 102, The primary modulation section 101 
includes a read control section 104 and a waveform outputting 
section 105, The secondary modulation section 102 includes a 
spread code control section 106 and a multiplier 107. 
[0116] In the primary modulation section 101, the read control 
section 104 produces a read clock in response to the generation 
of the transmission start signal. Then, the read control section 
104 outputs the produced read clock to the data storage section 
22, receives transmit data, and passes an address signal based 
on the transmit data to the waveform outputting section 105. The 
waveformoutputting section 105 has modulation waveform data stored 
in the waveform memory in advance, and reads out the modulation 
waveform data according to the address signal to output it as a 
primary modulation signal. 

[0117] In the secondary modulation section 102, the spread code 
control section 106 outputs a spread signal to the multiplier 107 
in response to the transmission start signal. The multiplier 107 
spreads the primary modulation signal with the spread signal. A 
D/A converter 108 converts the spread digital signal into an analog 
signal, and outputs it as a modulation baseband signal. Thus, 
in response to the transmission start signal, the modulation 
section 21e starts the signal spreading operation. Therefore, 
it is possible to transmit data while adding a predetermined delay 
amount. Note that the present embodiment is directed to a case 
where a spread code of a 4-chip length is used. 
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[0118] FIG. 16 is a block diagram showing a configuration of 
a demodulation section 33e in a case where the DSSS scheme is used 
for communication. Referring to FIG . 16, the demodulation section 
33e includes two fingers 111-1 and 111-2, a combiner section 112, 
and a code determination section 113. The fingers 111-1 and 111-2 
include correlators 114-1 and 114-2, wave detectors 115-1 and 115-2 
and amplitude/phase detection sections 116-1 and 116-2, 
respectively. 

[0119] Each of the correlators 114-1 and 114-2 despreads the 
received spread signal to produce a despread signal. Each of the 
wave detectors 115-1 and 115-2 detects the despread signal to 
produce a detection signal . Each of the amplitude/phase detection 
sections 116-1 and 116-2 detects the amplitude and the phase of 
the detection signal, and outputs them as amplitude information 
and phase information, respectively. 

[0120] The combiner section 112 combines the two detection 
signals together based on the amplitude information and the phase 
information thereof, thus producing a combined signal. The code 
determination section 113 performs a code determination operation 
on the combined signal to obtain receive data. 

[0121] A predetermined delay amount is determined so that the 
difference between the signal-receiving timings is greater than 
or equal to a predetermined delay resolution (Tmin) and the 
difference between the maximum value and the minimum value of the 
signal-receiving timing is less than or equal to a predetermined 
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maximum delay (Tmax) . In a case where signals are received by 
the receiver side at a plurality of signal-receiving timings, the 
predetermined delay amount needs to be determined so that the number 
of signal-receiving timings is less than or equal to a predetermined 
maximum number of effective branches . The predetermined maximum 
number of effective branches, the predetermined delay resolution 
and the predetermined maximum delay are set to values such that 
a plurality of delayed waves can be received with path diversity 
on the receiver side . Specifically, the minimum delay amount Tmin 
and the maximum delay amount Tmax, with which it is possible to 
effectively obtain the path diversity, are Tmin=Tc and Tmax=3*Tc, 
where the spread code length is 4 chips and the chip length is 
Tc. Therefore, the maximum number of effective branches for 
obtaining the path diversity is about four at best. Typically, 
the diversity effect can be improved by increasing the number of 
fingers provided in the receiving station, which however will 
increase the circuit scale . A case where the demodulation section 
33e has two fingers (2-f inger) will be described. In a case where 
the DSSS scheme is used, the delay resolution is equal to the 1-chip 
length of the spread code, and the maximum delay is equal to the 
spread code length. 

[0122] The operation of the transmission timing control section 
23 is similar to that of the first embodiment. For example, where 
the delay amounts of the wireless stations A to E are tA=tC=tE=Tl 
and tB=tD=T2, the receiving station 12 receives signals at either 
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(Tl+a+TO) or (T2+a+T0) . There is a time difference (T2-T1) between 
the two signal-receiving timings. 

[0123] Thus, even if the receiving station 12 receives signals 
transmitted from three or more wireless stations, the number of 
signal-receiving timings is reduced down to two. Moreover, the 
time difference between the two signal-receiving timings is such 
that the receiving station 12 can separate arriving waves from 
one another. Therefore, it is possible with two fingers to obtain 
non-correlative detection outputs for signals from all wireless 
stations, whereby it is possible to exert the maximum path diversity 
effect at the receiving station and to improve the transmission 
characteristics . 

[0124] The number of candidate values may be equal to the maximum 
number of effective branches (four) , and the candidate values may 
be set to Tl=Tc, T2=2Tc, T3=3Tc and T4=4Tc, so that signals are 
transmitted with delay amounts of tA=tE=Tl, tB=T2, tC=T3 and tD=T4 . 
Thus, even under a signal-receiving environment where a signal 
from one of the transmitting stations is blocked, the receiving 
station can receive delayed waves of different arrival times with 
a higher probability than in a case where the number of candidate 
values is two. Specifically, in a case where the number of 
candidate values is two (tA=tE=Tl, tB=T2, tC=Tl and tD=T2), if 
signals from the wireless stations B and D are blocked, the receiving 
station will receive signals at one signal-receiving timing. In 
contrast, where the number of candidate values is four (tA=tE=Tl, 
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tB=T2, tC=T3 and tD=T4 ) , signals from the wireless stations A, 
C and E can be received with a TDOA greater than or equal to the 
chip time difference and at two different signal-receiving timings . 
[0125] As described above, according to the present embodiment, 
even in a case where the DSSS scheme is used for communication, 
the number of timings at which the receiving station receives 
signals can be less than or equal to the maximum number of effective 
branches, and the time difference between the signal-receiving 
timings can be greater than or equal to the delay resolution and 
less than or equal to the maximum delay, whereby it is possible 
to exert a maximum path diversity effect. 

[0126] In the present embodiment, as in the first embodiment, 
the modulation section may include the delay adding section to 
add a predetermined delay amount to the outputted modulation 
baseband signal. The configuration of the delay adding section 
in this case is similar to the first embodiment (see FIG. 14), 
and will not be further described below. Also when a modulation 
section of the DSSS scheme as shown in FIG. 15 is used, the specific 
method of controlling the transmission timing may be similar to 
that described above, or may be any other suitable method. 
[0127] The wireless transmission system of the present 
invention will now be described with respect to various forms of 
signal transmission. In the following description, the QPSK-VP 
scheme is used as the modulation scheme . Note that the delay amount 
tr for effectively exerting the path diversity satisfies 
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Tmin^tr^Tmax. 

[0128] (Third Embodiment) 

A wireless transmission system according to a third 
embodiment of the present invention differs from that of the first 
embodiment in that the wireless transmission system of the third 
embodiment further includes a transmitting station for 
transmitting, to a wireless station, a signal to be transmitted 
to the receiving station. 

[0129] FIG. 17 shows a configuration of a wireless transmission 
system according to a third embodiment of the present invention. 
Referring to FIG. 17, the wireless transmission system includes 
a transmitting station 13, a plurality of wireless stations 14, 
and the receiving station 12. The transmitting station 13 and 
the wireless stations 14 are connected to each other via a wireless 
connection, and the wireless stations 14 and the receiving station 
12 are also connected to each other via a wireless connection. 
The configuration of the transmitting station 13 is similar to 
that of the wireless station 11 shown in FIG. 2 except that the 
transmission timing control section 23 is absent. The 
configuration of the receiving station 12 is similar to that shown 
in FIG. 1, and will not be further described below. 
[0130] In the present embodiment, the wireless transmission 
system includes four wireless stations 14. As in the first 
embodiment, the four wireless stations may be referred to as 
wireless stations Al to Dl to distinguish them from one another. 
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Where the wireless stations Al to Dl do not need to be distinguished 
from one another, they will be referred to as the wireless stations 
14 . 

[0131] FIG, 18 shows a structure of a frame used for signals 
transmitted by the transmitting station 13 and the wireless 
stations 14. Referring to FIG. 18, a frame includes a preamble 
(hereinafter referred to as "PR"), a unique word (hereinafter 
referred to as "UW" ) , and information data . PR is used for purposes 
such as gain control, symbol synchronization, and frequency 
synchronization. UW is used for frame type determination and frame 
synchronization. The information data contains data to be sent 
from the transmitter side. 

[0132] FIG. 19 is a block diagram showing a configuration of 
the wireless station 14 shown in FIG. 17. The configuration of 
the wireless station 14 shown in FIG. 19 is similar to that of 
the wireless station 11 of the first embodiment shown in FIG. 1, 
except that the wireless station 14 further includes a demodulation 
section 26, a UW detection section 27, and a delay amount setting 
section 28 . Like components to those shown in FIG. 1 will be denoted 
by like reference numerals and will not be further described below. 
[0133] The transmit signal transmitted from the transmitting 
station 13 is received by the antenna 25 of the wireless station 
14, and it is subjected to a frequency conversion in the RF section 
24 and then inputted to the demodulation section 26. The 
demodulation section 2 6 demodulates the input signal to obtain 
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transmit data. 

[0134] When detecting the UW contained in the transmit data 
outputted from the demodulation section 26, the UW detection 
section 27 produces a UW detection signal and passes it to the 
transmission timing control section 23. 

[0135] The delay amount setting section 28 selects the delay 
amount from among a plurality of delay amount candidate values, 

■ 

and passes it to the transmission timing control section 23. It 
is assumed in the following description that there are two delay 
amount candidate values of Tl and T2 . The delay amount setting 
section 28 selects the delay amount to be either Tl or T2, as 
determined in advance for each wireless station. 
[0136] The transmission timing control section 23 determines 
the reference timing to be the timing at which the UW detection 
signal is received- Note that the reference timing may 
alternatively be a timing after passage of a predetermined amount 
of time since the UW detection signal is received. The transmission 
timing control section 23 controls the modulated signal 
transmission timing based on the reference timing and the delay 
amount set by the delay amount setting section 28. The method 
of determining the transmission timing based on the reference 
timing and the delay amount is similar to that of the first embodiment , 
and will not be further described below. 

[0137] FIG. 20 is a flow chart showing an operation of the 
wireless station 14 having such a configuration. First, the 
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wireless station 14 determines whether or not a signal transmitted 

from the transmitting station 13 has been received (step S601) . 

When the signal has been received, the demodulation section 26 

demodulates the signal outputted from the RF section 24 to obtain 

demodulated data (stepS602). The data storage section 22 stores , 

as transmit data, the data demodulated by the demodulation section 
26. 

[0138] The UW detection section 27 detects the UW from the 
demodulated data to produce a UW detection signal, and passes it 
to the transmission timing control section 23. The transmission 
timing control section 23 determines the reference timing to be 
the timing at which the UW detection signal is received (step S603) , 
and determines the transmission start timing based on the reference 
timing and the delay amount (step S604). 

[0139] When the transmission start timing is reached (Yes in 
step S605) , the transmission timing control section 23 passes the 
transmission start signal to the modulation section 21. The 
transmit data is modulated by the modulation section 21, and then 
transmitted to the receiving station 12 via the RF section 24 and 
the antenna 25 (step S606) . 



xons 



[0140] FIG. 21 is a timing chart showing the wireless stat 
Al to Dl transmitting signals Al to Dl . First, the transmitting 
station 13 transmits a signal to the surrounding wireless stations 
Al to Dl at a predetermined timing Ts. The wireless stations Al 
to Dl receive the signal from the transmitting station 13 at the 
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following timings . 

Wireless station Al: Ts+alA 

Wireless station Bl: Ts+alB 

Wireless station CI: Ts+alC 

Wireless station Dl: Ts+alD 
Herein, alA to alD are the propagation time lengths between the 
transmitting station 13 and the wireless stations Al to Dl, 
respectively. 

[0141] It is assumed herein that the propagation time lengths 
alA to alD are all negligible or equal to one another. Moreover, 
al denotes the amount of time obtained by adding together the 
propagation time length (one of alA to alD) and the amount of time 
required before the UW detection signal is outputted in the wireless 
station (corresponding one of Al to Dl ) . Therefore, in the wireless 
stations Al to Dl, the UW detection signal is generated at the 
same timing (Ts+al) . 

[0142] Then, the wireless stations Al to Dl determines the 
reference timing tO to be the UW detection timing (Ts+al) indicated 
by the UW detection signal. Then, the wireless stations Al to 
Dl transmit signals while adding the delay amounts *tA to tD, 
respectively, to the reference timing tO. For example, the 
wireless station Al transmits a signal after passage of tA since 
the reference timing tO. As in the first embodiment, each of the 
delay amounts tA to tD is selected from among the delay amount 
candidate values Tl and T2 so that the wireless stations Al to 
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Dl transmit signals at two separate transmission timings. Tl and 
T2 are determined so as to satisfy Tmin^T2-Tl^Tmax . 
[0143] As an example, a case where tA=tC=Tl and tB=t D=T2 will 
be described below. The wireless stations Al to Dl transmit signals 
either at (Tl+al+Ts) or (T2+al+Ts) . 

[0144] The receiving station 12 receives the signals Al to Dl 
transmitted from the wireless stations Al to Dl . It is assumed 
herein that the propagation time lengths a2A to a2D between the 
receiving station 12 and the wireless stations Al to Dl, 
respectively, are negligible or equal to one another, and are 
denoted as a2 . Thus , the receiving station 12 receives the signals 
Al to Dl at either (Tl+a2+al+Ts) or (T2+a2+al+Ts) . There is a 
time difference (T2-T1) between the two timings. Thus, it is 
possible to exert a path diversity effect. Therefore, it is 
possible to improve the transmission characteristics. 
[0145] As described above, according to the present embodiment, 
a signal is transmitted from the transmitting station to the 
receiving station via a plurality of wireless stations, where a 
predetermined delay amount is given to the signal at each wireless 
station. Therefore, the number of signal-receiving timings at 
which the receiving station receives arriving waves can be made 
equal to the maximum number of effective branches . Moreover, each 
wireless station determines the reference timing to be the timing 
at which the UW is detected. Thus, it is no necessary to have 
a reference timing signal stored in advance. 
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[0146] Note that while the UW detection signal is used as the 
reference timing signal in the present embodiment , it is not limited 
to any particular signal as long as the signal indicates that a 
signal has been received from the transmitting station, and may 
be a timing signal that indicates a frame has been received 
completely. For example, in a case where a CRC (cyclic redundancy 
check) code, used for checking whether the transmit data is received 
normally, is added at the end of a frame, the determination output 
signal outputted based on the code may be used as the reference 
timing signal. Then, if it is determined at a wireless station 
that a signal from the transmitting station has been received in 
error, it is possible to prevent the signal from being transmitted 
to the receiving station. As a result, the receiving station can 
only receive correct transmit data. 
[014 7] (Fourth Embodiment) 

A wireless transmission system according to a fourth 
embodiment of the present invention differs from that of the third 
embodiment in that the transmitting station transmits the same 
signal twice. 

[0148] *FIG. 22 shows a configuration of the wireless 
transmission system according to the fourth embodiment of the 
present invention. The configuration of the wireless stations 
14 (the wireless stations Al to Dl) and that of the receiving station 
12 are similar to those of the third embodiment, and will not be 
further described below while using the same reference numerals 



as those used in FIG. 17 . Moreover, the frame structure of signals 
transmitted from a transmitting station 15 and the wireless station 
14 is similar to that of the third embodiment (see FIG . 18) . 
Moreover, the operation of the wireless station 14 and that of 
the receiving station 12 are similar to those of the third embodiment . 
Therefore, the following description will focus on the operation 
of the transmitting station. 

[0149] The transmitting station 15 transmits stored transmit 
data twice. The transmitting station 15 transmits the signal to 
the wireless stations 14 in the first transmission and to the 
receiving station 12 in the second transmission. The transmitting 
station 15 transmits the signal with a predetermined delay amount 
so that the signal transmitted in the second transmission arrives 
at the receiving station 12 at the same timing as any of the signals 
transmitted from the wireless stations 14. 

[0150] FIG. 23 is a block diagram showing a configuration of 
the transmitting station 15 shown in FIG. 22. Referring to FIG. 
22, the transmitting station 15 includes a re-transmission timing 
control section 151, a modulation section 152 f an RF section 153, 
an antenna 154, a delay amount setting section 155, and a data 
storage section 156. 

[0151] The configurations of the modulation section 152, the 
RF section 153, the antenna 154 and the data storage section 156 
are similar to those of the wireless station 14 shown in FIG. 19, 
and will not be further described below. 
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[0152] The delay amount setting section 155 selects the delay 
amount from among a plurality of delay amount candidate values, 
and passes it to the re-transmission timing control section 151. 
It is assumed in the following description that there are two delay 
amount candidate values of Tl and T2 . 

[0153] The re-transmission timing control section 151 controls 
the re-transmission timing at which a signal is transmitted for 
the second time after the signal is once transmitted. The 
re-transmission timing control section 151 determines the 
re-transmission start timing based on the reference timing 
indicated by the reference timing signal and the delay amount 
received from the delay amount setting section 155. Note that 
this is a method of calculating the re-transmission start timing 
in a case where the propagation time length between the transmitting 
station 15 and the wireless station 14 is negligible. If the 
propagation time length between the transmitting station 15 and 
the wireless station 14 is larger, the re-transmission start timing 
can be obtained by adding the delay amount and the propagation 
time length to the reference timing. Then, when the 
re-transmission start timing is reached, the re-transmission 
timing control section 151 produces a re-transmission start signal 
and passes it to the modulation section 152. 

[0154] FIG. 24 is a flow chart showing an operation of the 
transmitting station 15 having such a configuration. First, the 
transmitting station 15 modulates data and transmits it to the 
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wireless stations 14 (step S701) . Then, in the transmitting 
station 15, the re-transmission timing control section 151 
determines the re-transmission start timing based on the reference 
timing and the delay amount setting section 155 (step S702) . 
Specifically, the re-transmission timing control section 151 
determines the re-transmission start timing to be a timing obtained 
by delaying the reference timing by the delay amount selected by 
the delay amount setting section 155. 

[0155] Then, the re-transmission timing control section 151 
determines whether or not the re-transmission start timing has 
been reached (step S703) , and if so, the re-transmission timing 
control section 151 produces the re-transmission start signal and 
passes it to the modulation section 152. The transmit data is 
modulated by the modulation section 152, and then transmitted to 
the receiving station 12 via the RF section 153 and the antenna 
154 (step S704) . 

[0156] FIG. 25 is a timing diagram showing signals transmitted 
by the transmitting station 15 and the wireless stations Al to 
Dl in the present embodiment. FIG. 25 shows the timing of the 
signal transmitted by the transmitting station 15, in addition 
to the timings of the modulated signals transmitted by the wireless 
stations Al to Dl shown in FIG. 22. 

[0157] First, when the transmitting station 15 transmits a 
signal at a predetermined timing Ts, the wireless stations Al to 
Dl receive the signal from the transmitting station 15 at the 
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following timings: 

Wireless station Al : Ts+alA 

Wireless station Bl: Ts+alB 

Wireless station CI: Ts+alC 

■ 

Wireless station Dl : Ts+alD 
Herein, it is assumed that the propagation time lengths alA to 
alD between the transmitting station 15 and the wireless stations 
Al to Dl, respectively, are all negligible or equal to one another. 
Moreover, al denotes the amount of time obtained by adding together 
the propagation time length (one of alA to alD) and the amount 
of time required before the UW detection signal is outputted in 
the wireless station (corresponding one of Al to Dl) . Therefore, 
the signal-receiving timing at which the wireless stations Al to 
Dl receive the signal transmitted from the transmitting station 
15 can be expressed as (Ts+ocl). Then, the wireless stations Al 
to Dl transmit signals while adding, the delay amounts tA to tD, 
respectively, to the reference timing tO being the signal-receiving 
timing (Ts+al) . 

[0158] If the wireless stations Al to Dl give delay amounts 
of tA=tC=Tl and tB=tD=T2 to the signals Al to Dl, the wireless 
stations Al and CI transmit the signals Al and CI, respectively, 
at (Tl+al+Ts) . The wireless stations Bl and Dl transmit the signals 
Bl and Dl, respectively, at (T2+al+Ts) . Note that it is assumed 
that the propagation time lengths a2A to a2D between the receiving 
station 12 and the wireless stations Al to Dl, respectively, are 

63 



all negligible or equal to one another, and are denoted as a2 . 
[0159] Moreover, the transmitting station 15 transmits the 
signal while giving a delay amount tO based on the reference timing 
Ts. Then, the transmitting station 15 re-transmits the signal. 
When the transmitting station 15 transmits the signal while giving 
the delay amount, the delay amount selected from among the delay 
amount candidate values Tl and T2 is used as to. - In FIG. 25, the 
transmitting station 15 selects Tl from among the delay amount 
candidate values, and transmits the signal to the receiving station 
12 while giving a delay amount of tO=Tl. 

[0160] The receiving station 12 receives signals transmitted 
from the wireless stations 14 and the transmitting station 15. 
The receiving station 12 receives these five signals at one of 
two timings (Tl+a2+al+Ts ) and (T2+a2+al+Ts ) . There is a time 
difference (T2-T1) between the two timings . Therefore, the number 
of signal-receiving timings is two as is the maximum number of 
effective branches , whereby it is possible to exert a path diversity 
effect. Thus, it is possible to improve the transmission 
characteristics in the wireless transmission system. 
[ 0161 ] As described above, according to the present embodiment, 
after the transmitting station transmits a signal to the wireless 
stations, the transmitting station transmits the same signal to 
the receiving station while giving a predetermined delay amount. 
This increases the number of signals received by the receiving 
station, whereby it is possible to stabilize the signal reception 
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level. Moreover, the signal transmitted from the transmitting 
station in the second transmission arrives at the receiving station 
12 at the same timing as at least one of the signals transmitted 
from the wireless stations 14. Thus, the number of 
signal-receiving timings can be made less than or equal to the 

maximum number of effective branches, thereby exerting a maximum 

path diversity effect. 

[0162] Note that in the third and fourth embodiments, the 
transmitting station selects the delay amount candidate value Tl 
or T2 as determined in advance. Alternatively, each wireless 
stationmay randomly select one of the delay amount candidate values 
to be the delay amount. 

[0163] Moreover, in the third and fourth embodiments, the 
reference timing tO for the wireless stations is the timing at 
which the wireless stations 14 receive the signal from the 
transmitting station. Alternatively the reference timing tO used 
by the wireless stations may be the time information contained 
in a GPS signal or the timing obtained from a radio-controlled 
clock, which is shared by the transmitting station and the wireless 
stations. 

[0164] (Fifth Embodiment) 

A wireless transmission system according to a fifth 
embodiment of the present invention differs from that of the fourth 
embodiment in that the transmitting station and each wireless 
station are connected to each other via a wired transmission path. 
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[0165] FIG. 26 shows a configuration of the wireless 
transmission system according to the fifth embodiment of the 
present invention. The wireless transmission system shown in FIG. 
2 6 differs from that of the fourth embodiment shown in FIG. 22 
in that the transmitting station 15 is connected to each of the 
wireless stations Al to Dl via a wired transmission path. Otherwise, 
the configuration is similar to that of the third embodiment, and 
will not be further described below while using the same reference 
numerals as those used in FIG . 22 . Moreover, the signal transmitted 
from the transmitting station 15 and the wireless stations 14 is 
similar to that of the third embodiment (see FIG. 18) . 
[0166] Moreover, the timings of the signals transmitted from 
the transmitting station 15 and the wireless stations 14 are similar 
to those of the fourth embodiment (see FIG. 25) . 
[0167] As described above, according to the present embodiment, 
even if the transmitting station and each wireless station are 
connected toeachother via a wired transmission path, it ispossible 
to obtain a maximum path diversity effect at the receiving station . 
[0168] (Sixth Embodiment) 

A wireless transmission system according to a sixth " 
embodiment of the present invention differs from that of the third 
embodiment in that the transmitting station and each wireless 
station is connected to each other via a wired transmission path, 
and that the transmitting station, instead of the wireless stations, 
controls the delay amount. 



[0169] FIG. 27 shows a configuration of the wireless 
transmission system according to the sixth embodiment of the 
present invention. Referring to FIG. 27, the wireless 
transmission system includes a transmitting station 16, a plurality 
of wireless stations 17, and the receiving station. 12. The 
transmitting station 16 is connected to wireless stations 17 via 
wired transmission paths, and the wireless stations 17 are 
connected to the receiving station 12 via a wireless connection. 
In the present embodiment, there are four wireless stations 17 
in the wireless transmission system. The four wireless stations 
17 will be referred to as wireless stations A2 to D2 to distinguish 
them from one another. Where the four wireless stations A2 to 
D2 do not need to be distinguished from one another, they will 
be referred to as the wireless stations 17. Moreover, the 
configuration of the receiving station 12 is similar to that of 
the first embodiment, and will not be further described below. 
[0170] The transmitting station 16 specifies the delay amount 
that should be given to a signal transmitted by the wireless station 
17. The wireless station 17 transmits a signal while giving it 
the delay amount specified by the transmitting station 16. 
[0171] FIG. 28 is a block diagram showing a configuration of 
the transmitting station 16. Referring to FIG. 28, the 
transmitting station 16 includes a delay amount determining section 
161, and four delay amount adding sections 162A to 162D. Note 
that the modulation section, the RF section and the antenna section 
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are not shown in the figure. 

[0172] The delay amount determining section 161 determines each 
of the delay amounts tA to tD that should be given to signals 
transmitted to the wireless stations A2 to D2, respectively, by 
selecting one of a plurality of candidate values (e.g., Tl and 
T2 ) . The number of candidate values is equal to the maximum number 
of effective branches that are allowed in the wireless transmission 
system. The delay amount determining section 161 passes the 
determined delay amounts tA to t D to the delay amount adding sections 
162A to 162D, respectively. Note that the delay amount selected 
by the delay amount determining section 161 may be determined in 
advance or may be selected randomly. Since the wireless stations 
are connected to the transmitting station, it is preferred that 
the transmitting station determines the delay amounts for the 
wireless stations so that the delay amounts are equally distributed 
among the wireless stations. 

[0173] The delay amount adding sections 162A to 162D add delay 
amount information, indicating the determined delay amounts tA 
to tD, at the end of transmit data being in a frame format as shown 
in FIG. 18. Thus, by adding the delay amount information to each 
signal, the transmitting station 16 specifies the delay amount 
that should be given to the signal transmitted by the wireless 
station 17. 

[0174] FIG. 29 is a block diagram showing a configuration of 
the wireless station 17. The wireless station 17 shown in FIG. 
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2 9 is similar to the wireless station 14 of the third embodiment 
shown in FIG. 19 except that the delay amount setting section 28 
is replaced by a delay amount extracting section 29. Like 
components to those shown in FIG . 1 9 will be denoted by like reference 
numerals and will not be further described below. 
[0175] The delay amount extracting section 29 extracts the delay 
amount from demodulated data and passes it to the transmission 
timing control section 23 while passing the transmit data, 
excluding the extracted delay amount, to the data storage section 
22. The transmission timing control section 23 determines the 
transmission timing by adding the delay amount to the reference 
timing. The timings at which signals are transmitted by the 
transmitting station 16 and the wireless station 17 are similar 
to those of the third embodiment (see FIG. 21) . 
[0176] FIG. 30 is. a flow chart showing an operation of the 
transmitting station 16 and the wireless station 17 having such 
a configuration. First, in the transmitting station 16, the delay 
amount determining section 161 determines each of the delay amounts 
tA to tD that should be given to signals transmitted to the wireless 
stations A2 to D2, respectively, by selecting one of a plurality 
of candidate values (step S801) . The delay amount determining 
section 161 passes the determined delay amounts tA to tD to the 
delay amount adding sections 162A to 162D, respectively. 
[0177] Then, the transmitting station 16 transmits data while 
adding the delay amount (step S802) . Each of the delay amount 
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adding sections 162A to 162D adds a value indicating the 
corresponding one of the determined delay amounts tA to tD at the 
end of transmit data being in a frame format, and passes it to 
the modulation section (not shown) . The signal modulated by the 
modulation section is transmitted to the corresponding one of the 
wireless stations A2 to D2 via the RF section and the antenna. 
[0178] The wireless station 17 determines whether or not a 
signal transmitted from the transmitting station 16 has been 
received (step S803) . If the signal has been received correctly, 
the demodulation section 26 demodulates the signal outputted from 
the RF section 24 to obtain demodulated data. 



s a 



[0179] The transmission timing control section 23 extract 
delay amount from the demodulated data (step S804) . Then, the 
transmission timing control section 23 adds the delay amount to 
the reference timing to determine the transmission timing (step 
S805) . 

[0180] When the transmission start timing is reached (Yes in 
step S806) , the transmission timing control section 23 passes the 
transmission start signal to the modulation section 21. The 
transmit data is modulated by the modulation section 21, and then 
transmitted to the receiving station 12 via the RF section 24 and 
the antenna 25 (step S807) . 

[0181] As described above, according to the present embodiment , 
the transmitting station can control the timing of the signal 
transmitted by each wireless station. 
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[0182] (Variation of Sixth Embodiment) 

In the sixth embodiment, the transmitting station 
specifies the delay amount that should be given to a signal by 
the wireless station. In contrast, according to this variation, 
the transmitting station gives a predetermined delay amount to 
a signal transmitted to each wireless station before the signal 
is transmitted. The transmitting station of this variation will 
be referred to as a transmitting station 18 distinguished from 
the transmitting station 16 of the sixth embodiment. Moreover, 
the wireless station of this variation will be referred to as a 
wireless station 19 distinguished from the wireless station 17 
of the sixth embodiment. 

[0183] The configuration of the transmitting station 18 is 
similar to that of the wireless station 11 of the first embodiment 
(see FIG. 1) . In the transmitting station 18, a delay amount to 
be given to each wireless station is determined in advance. The 
transmission timing control section 23 determines the transmission 
start timing based on the delay amount to be given to the signal 
transmitted to each wireless station and the reference timing. 
When the transmission start timing is reached, the transmission 
start signal is outputted to start the signal transmission. 
Moreover, the operation of the transmitting station 18 is similar 
to that of the wireless station of the first embodiment except 
that the transmitting station 18 transmits signals to a plurality 
of wireless stations, and will not be further described below (see 



FIG . 2) . 

[0184] The configuration of the wireless station 19 is not 
limited to any particular configuration as long as a signal 
transmitted from the transmitting station 18 can be transmitted 
to the receiving station 12. For example, the wireless station 
19 may be of any configuration including an antenna, an RF section, 
a modulation section and a demodulation section. 
[0185] FIG. 31 is a timing diagram showing signals transmitted 
by the wireless stations 19 according to the variation of the sixth 
embodiment. Wherever the four wireless stations 19 need to be 
distinguished from one another, they will be referred to as wireless 
stations A2 to D2. 

[0186] The delay amounts tA and tC given by the transmitting 
station 18 to signals transmitted to the wireless stations A2 and 
C2 are Tl. The delay amounts tB and tD given by the transmitting 
station 18 to signals transmitted to the wireless stations B2 and 
D2 is T2. The transmitting station 18 transmits a signal to each 
wireless station while giving the delay amount Tl or T2 to a 
predetermined timing. 

[0187] It is assumed herein that the propagation time lengths 
alA to alD between the transmitting station and the wireless 
stations A2 to D2, respectively, are all negligible or equal to 
one another, and are denoted as al . Therefore, the timing at which 
the wireless stations A2 and C2 receive a signal from the 
transmitting station 18 is (Tl+al) . The timing at which the 
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wireless stations B2 and D2 receive a signal from the transmitting 
station 18 is (T2+al) . 

[0188] It is assumed that the difference between the propagation 
time lengths a2A to a2D between the receiving station 12 and the 
wireless stations A2 to D2, respectively, is negligible or the 
propagation time lengths a2A to a2D are equal to one another, and 
are denoted as oc2 . Therefore, the receiving station 12 receive 
the signals A2 to D2 either at (Tl+al+a2) or (T2+al+a2) . There 
is a time difference (T2-T1) between the two timings. Thus, it 
is possible to exert a path diversity effect. 

[0189] As described above, according to this variation, the 
transmitting station gives a predetermined delay amount to a signal 
transmitted to each wireless station before the signal is 
transmitted. Therefore, each wireless station does not have to 
give a delay amount to the signal transmitted therefrom, whereby 
the wireless station can be realized with a simple configuration. 
[0190] Note that in the present embodiment, the transmitting 
station transmits a transmit signal after giving it a delay amount, 
which is selected for each transmit signal. The timing at which 
each wireless station receives a signal may be controlled by 
adjusting the length of the wired transmission path between the 
transmitting station and the wireless station. 

[0191] Note that while the number of wireless stations in the 
wireless transmission system is four in the first to sixth 
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embodiments, the number of wireless stations may alternatively 



be two, three, five or more. 

[0192] The first to sixth embodiments have been described above 
assuming that the distances between the wireless stations and the 
receiving station are all negligible or equal to one another. The 
following embodiments will be described with respect to a case 
where the distances between the wireless stations and the receiving 
station are significantly different from one another. 
[0193] (Seventh Embodiment) 

FIG. 32 shows a configuration of a wireless transmission 
system according to a seventh embodiment of the present invention. 
In the present embodiment, the configurations of the transmitting 
station 18, the wireless station 19 and the receiving station 12 
are similar to those of the variation of the sixth embodiment, 
andwill not be further describedbelow. Wherever the four wireless 
stations 19 need to be distinguished from one another, they will 
be referred to as wireless stations A2 to D2 . 

[0194] The transmitting station 18 gives the delay amounts tA 
to tD to the signals A2 to D2 to be transmitted to the wireless 
stations A2 to D2, respectively, before the signals are transmitted. 
It is assumed herein that the lengths of the wired transmission 
paths between the transmitting station and the wireless stations 
A2 to D2 are substantially equal to one another. Therefore, the 
propagation time lengths alA to alD for the signals A2 to D2 
transmitted from the transmitting . station 18 to the wireless 
stations A2 to D2, respectively, are assumed to be equal to one 



another, and are denoted as al . 

[0195] One wireless station forms one communication area, and 
a plurality of wireless stations A2 to D2 are arranged in a row 
so that a plurality of communication areas are arranged next to 
one another. For example, the wireless stations A2 to D2 may be 
arranged in a straight line. Each overlap between communication 
areas formed by the wireless stations A2 to D2 will be referred 
to as an overlap area . An overlap between the communication areas 
of the wireless stations A2, B2 and C2 will be referred to as an 
overlap area A. An overlap between the communication areas of 
the wireless stations B2, C2 and D2 will be referred to as an overlap 
area B. Wherever signals transmitted from the wireless stations 
A2 to D2 need to be distinguished from one another, they will be 
referred to as signals A to D. 

[0196] if the receiving station 12 is located within the overlap 
area A, the receiving station 12 receives the signals A, B and 
C. If the receiving station 12 is located within the overlap area 
B, the receiving station 12 receives the signals B, C and D. Thus, 
in the overlap area A or B, signals from three wireless stations 
19 arrive. Note that while an overlap area is formed by three 
wireless stations in the present embodiment, an overlap area may 
alternatively be formed by four or more wireless stations. 
[0197] FIG. 33 is a schematic diagram showing the positional 
relationship between the receiving station 12 and two wireless 
stations A2 and B2 . Assume that the antenna of the receiving 



station 12 has a height of Hr, and the antennas of the wireless 
stations A2 and B2 have a height of Ht . Also assume that the distance 
between the wireless station A2 and the wireless station B2 is 

L, and the distance between the receiving station 12 and the wireless 
station A2 is x. 

[0198] The path length (propagation distance) zA between the 
wireless station A2 and the receiving station 12, and the path 
length zB between the wireless station B2 and the receiving station 
12 can be expressed as follows. 
[Expression 1] 

zA = y]x 2 + (Ht - Hr) 2 
[Expression 2] 

zB = yj(x + L) 2 + (Ht - Hr) 2 
The path length difference Az between zB and zA is expressed as 
follows . 

[Expression 3] 

Az = zB— zA 

= V(* + L) 2 + (Ht - Hr) 2 -Jx 2 + (Ht - Hr) 2 

[0199] Assume a case where a vehicle running on a road 
communicates wirelessly with a wireless device provided on the 
road, where L=60 m, Ht=10 m and Hr=l m. 

[0200] FIG. 34 shows the relationship between the path length 
difference Az and the distance x between the receiving station 
12 and a wireless station. In FIG. 34, the vertical axis represents 
the path length difference Az, and the horizontal axis represents 



the distance x between the receiving station 12 and the wireless 
station 19. 

[0201] As shown in FIG . 34, the path length difference Az can 
be made close to the distance between the antennas of the wireless 
stations A2 and B2 if the distance between the wireless station 
A2 and the receiving station 12 is several meters or more. Thus, 
the path length difference Az is substantially equal to the antenna 
interval L, and can be expressed as: 

Az=zB-zA^L 

irrespective of the position of the receiving station 12. 
Therefore, the difference Ap between the propagation time length 
pA from the transmitting station A2 and the propagation time length 
pB from the transmitting station B2 can be expressed as: 

Ap=pB-pA~P (1) 

where P is the propagation time length corresponding to the distance 
L. 

[0202] A signal is transmitted at a timing tA to the wireless 
station A2, at a timing tB to the wireless station B2, at a timing 
tC to the wireless station C2, and at a timing tD to the wireless 
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station D2. Herein, the time difference between tA and tB is 
expressed, as tAB=tB-tA. Other delay amounts are similarly 
expressed according to the same rule. 

[0203] Next, a method for setting the delay amounts tA and tC, 
and the signal-receiving timing where .the receiving station 12 
is located in the overlap area A (where the wireless station A2 
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is in the foremost position) will be described. 
[0204] FIG. 35 is a timing diagram showing signal transmission 
in a case where the receiving station 12 is located within the 
overlap area A. The receiving station 12 always receives radio 
waves from the three foremost wireless stations. The three 
propagation time lengths will be denoted as pAA, pBA and pCA, 
starting from the foremost wireless station. Based on the 
approximation of Expression (1) , these values can be expressed 
as : 

pBA-pAA=P (>0) and pCA-pAA=2P 
irrespective of the position of the receiving station 12 in the 
overlap area A. Note that the timings at which the receiving 
station 12 receives signals from the wireless stations A2 to C2 
are as follows. 

Signal A2 from wireless station A2 : tA+a+pAA 
Signal B2 from wireless station B2 : tB+a+pBA 
Signal C2 from wireless station C2 : tC+a+pCA 
The TDOAs between these signals are as follows. 

TDOA between signals A2 and B2: 
xAB= (tB-tA) + (pBA-pAA) 
=tAB+P 

TDOA between signals A2 and C2 : 
xAC= ( tC-tA) + (pCA-pAA) 
=tAC+2P 

Now, if the delay amount tC is determined so that tAC=-2P (=tC-tA<0) 
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is satisfied, xAC=0 will hold. Thus, the receiving station 12 
receives the signal A2 and the signal C2 at the same timing . Herein, 
tAC being a negative value indicates that tC is earlier than tA. 
Then, the receiving station 12 receives the signal B after passage 
of (tAB+P) since the signal-receiving timing for the signals A 
andC. Thus, the receiving station 12 receives signals transmitted 
from three wireless stations at two timings. 

[0205] Similarly, a method for setting the delay amounts tB 
and tD, and the signal-receiving timing where the receiving station 
12 is located in the overlap area B (where the wireless station 
B2 is in the foremost position) will be described. 
[0206] FIG. 36 shows a configuration of a wireless transmission 
system in a case where the receiving station 12 is located within 
the overlap area B, and FIG. 37 is a timing diagram showing signal 
transmission in a case where the receiving station 12 is located 
within the overlap area B. 

[0207 ] The receiving station 12 can always receive signals from 
the three foremost wireless stations, i.e., the wireless stations 
B2 to D2. The propagation time lengths of the wireless stations 
B2 to D2 will be denoted as pBB, pCB and pDB, starting from the 
foremost wireless station. Based on the approximation of 
Expression (1), these values can be expressed as: 

pCB-pBB=P(>0) and pDB-pBB=2P 
irrespective of the position of the receiving station 12 in the 
overlap area B. 



[0208] The timings at which wave signals from the wireless 
stations 11 arrive at the receiving end are as follows. 

Signal B2 from wireless station 11B: tB+a+pBB 
Signal C2 from wireless station 11C: tC+a+pCB 
Signal D2 from wireless station 11D: tD+a+pDB 
The TDOAs between these signals are as follows, 

TDOA between signals B2 and C2 : 
xBC= ( tC-tB) + (pCB-pBB) 

= (tAC+tA) - (tAB+tA) 4-P 
=-2P-tAB+P 
=-(tAB+P) (<0) 
TDOA between signals D2 and B2: 
tBD= ( tD-tB) + (pDB-pBB) 
=tBD+2P 

Now, if the delay amounts tB and tD are determined so that 
tBD=-2P(=tD-tB<0) is satisfied, xBD=0 will hold. Thus, the 
receiving station 12 receives the signal B and the signal D at 
the same timing. 

[0209] Therefore, the receiving station 12 first receives the 
signal C, and then receives the signals B and D at the same timing 
after passage of (tAB+P) . Thus, the receiving station 12 receives 
signals transmitted from three wireless stations at two timings. 
[0210] As described above, in the overlap area A and the overlap 
area B, the receiving end always receives signals from the three 
foremost wireless stations 19 at two timings. At each of the two 

80 



timings, the receiving station 12 receives signals from two 
wireless stations that are next but one to each other, i.e., the 
wireless stations A2 and C2 or the wireless stations B2 and D2 
in the present embodiment. Therefore, the receiving station 12 
can receive signals from two adjacent wireless stations at 
different timings, irrespective of the overlap area in which the 
receiving station 12 is located. 

[0211] Note that if tA and tB are determined so as to satisfy 
Tmin< (tB-tA+P) <Tmax, the difference between the signal-receiving 
timings at the receiving station 12 will be a TDOA with which the 
path diversity is effectively exerted, thus improving the 
transmission characteristics. 

[0212] As described above, according to the present embodiment, 
even if the propagation time lengths between the receiving station 
and a plurality of wireless stations are significantly different 
from one another, the transmitting station adjusts the delay amount 
given to a signal to be transmitted to each wireless station so 
that the number of timings at which the receiving station receives 
signals is equal to the number of effective branches that contribute 
to the path diversity effect (two in the illustrated example) . 
Therefore, it is possible to obtain a maximum path diversity effect 
at the receiving station. Moreover, a signal from a wireless 
station far away from the receiving station does not cause 
interference for the receiving station, but can contribute to the 
path diversity effect. 
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[0213] In FIG, 36, in areas adjacent to the overlap areas A 
and B (gray portions in the figure) , the signal B2 and the signal 
C2 are received. Since the TDOA between the signals is 
tBC=- (tAB+P) =- (tB-tA+P) , it is possible to obtain a path diversity 
effect . 

[0214] Note that the present embodiment has been described above 
with respect to a case where there are four wireless stations forming 
two overlap areas, the number of wireless stations can be increased, 
to increase the number of areas , while determining the delay amounts 
as described above, thus expanding the areas. 
[0215] (Eighth Embodiment) 

An eighth embodiment of the present invention is 
characteristic in that a group of consecutive areas arranged in 
a linear pattern as shown in the seventh embodiment is repeated 
in the lateral direction to form a larger group of areas arranged 
in a planar pattern, wherein signals are received at two timings 
in each overlap area. 

[0216] FIG. 38 shows a configuration of a wireless transmission 
system according to the eighth embodiment of the present invention . 
The configurations of the transmitting station 18, the wireless 
station 19 and the receiving station 12 of the present embodiment 
are similar to those of the seventh embodiment, and will not be 
further described below. 

[0217] In the present embodiment, the wireless transmission 
system includes eight wireless stations 19. In the present 
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embodiment, two groups of wireless stations 19 form a planar-shaped 
communication area, each group including four wireless stations 
19 arranged in a row in the order from A2 to D2 . Wherever the 
eight wireless stations need to be distinguished from one another, 
the wireless stations 19 included in one group will be referred 
to as wireless stations A2 to D2 and those included in the other 
group as wireless stations B3 to E3. 

[0218] The overlap area formed by the wireless stations A2 to 
C2 will be referred to as an overlap area Al, and the overlap area 
formed by the wireless stations B2 to D2 will be referred to as 
an overlap area Bl. The overlap area formed by the wireless 
stations B3 to D3 will be referred to as an overlap area B2, and 
the overlap area formed by the wireless stations C3 to E3 will 
be referred to as an overlap area C2 . 

[0219] If the receiving station 12 is located within the overlap 
areaAl, the signals A2 andC2 transmitted from the wireless stations 
A2 and C2, respectively, are received at the same timing. If the 
receiving station 12 is located within the overlap area Bl, the 
signals B2 and D2 transmitted from the wireless stations B2 and 
D2, respectively, are received at the same timing. As shown in 
FIG. 38, the receiving station 12 always receives signals from 
the three foremost wireless stations. 

[0220]. Next, the signal-receiving timings in a case where the 
receiving station 12 is located within the overlap area B2 (where 
the wireless station B3 is in the foremost position) will be 
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described. 

[0221] As in the seventh embodiment, the propagation time 
lengths from the receiving station to the wireless stations forming 
the overlap area Bl will be denoted as pBB, pCB and pDB, starting 
from the wireless station with the shortest propagation time length. 
Based on the approximation shown in FIG. 33, these values can be 
expressed as: 

pCB-pBB-P (>0) , pDB-pBB=2P, pDC-pCC=P and pEC-pCC=P 
irrespective of the position of the receiving station 12 in the 
overlap area. Moreover, as in the seventh embodiment, tA, tB, 
tC and tD are determined so as to satisfy the following 
relationships . 

tAC=-2P (=tC-tA<0) 
tBD=-2P(=tD-tB<0) 
[0222] The wireless station B3 transmits a signal with the delay 
amount tB as does the wireless station B2, the wireless station 
C3 transmits a signal with the delay amount tC as does the wireless 
station C2, the wireless station D3 transmits a signal with the 
delay amount tD as does the wireless station D2, and the wireless 
station E3 transmits a signal with the delay amount tE . The timings 
at which the receiving station 12 receives signals from the wireless 
stations B3 to D3 are as follows. 

Signal B3 from wireless station B3: tB+a+pBB 
Signal C3 from wireless station C3: tC+a+pCB 
Signal D3 from wireless station D3: tD+a+pDB 
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The TDOAs between these signals are as follows. 

TDOA between signals B3 and C2 : 

tBC2= (tC-tB) + (pCB-pBB) 
Since this is equal to the TDOAbetween signals B2 andC2 as described 
above, the following holds true. 

xBC2=xBC 

=-(tAB+P) (<0) 

TDOA between signals B3 and D3 : 

xBD2= (tD-tB) + (pDB-pBB) 
Since this is equal to the TDOAbetween signals D2 and B2 as described 
above, the following holds true. 

tBD2=tBD 
=0 

The receiving station 12 first receives the signal C3, and then 
receives the signals B3 and D3 at the same timing after passage 
of (tAB+P) . Thus, the receiving station 12 receives signals 
transmitted from three wireless stations at two timings. 
[0223] Next, a method for setting the delay amount tE, and the 
signal-receiving timing where the receiving station 12 is located 
in the overlap area C2 (where the wireless station C3 is in the 
foremost position) will be described. FIG. 37 is a timing diagram 
showing signal transmission in a case where the receiving station 
12 is located within the overlap area C2 . The timings at which 
the receiving station 12 receives signals from the wireless 
stations C3 to E3 are as follows. 
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Signal C3 from wireless station C3: tC+oc+pCC 
Signal D3 from wireless station D3 : tD+a+pDC 
Signal E3 from wireless station E3 : tE+a+pEC 
The TDOAs between these signals are as follows. 

TDOA between signals C3 and D3 : 
xCD= (tD-tC) + (pDC-pCC) 

= ( tBD+tB) - (tBC+tB) +P 

=-2P-tBC+P 

=- (tBC+P) (>0) 

=- (tC-tB+P) (>0) 

=- ( (tAC+tA) - (tAB+tA) +P) 

=- (-2P-tAB+P) 

=tAB+P (>0) 

* 

TDOA between signals C3 and E3: 
xCE2= (tE-tC) + (pEC-pCC) 
=tCE+2P 

[0224] Now, if the delay amount tE is determined so that tCE=-2P 
is satisfied, xCE2=0 will hold. Thus, the receiving station 12 
receives the signals C3 and E3 at the same timing. 
[0225] Therefore, the receiving station 12 first receives the 
signals C3 and E3, and then receives the signal D2 after passage 
of ( tAB+P) . Thus, the receiving station 12 receives signals 
transmitted from three wireless stations at two timings. 
[0226] As described above, the receiving station located in 
the overlap area B2 or C2 always receives signals from three wireless 
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stations at two timings . Specifically, signals from the wireless 
stations B3 and D3 are received at the same timing, and signals 
from the wireless stations C3 and E3 are received at the same timing . 
Therefore, the receiving station 12 can receive signals from two 
adjacent wireless stations at different timings, irrespective of 
the area in which the receiving station 12 is located. 
[0227] Thus, if tA and tB are determined so as to satisfy 
Tmin< (tB-tA) +P<Tmax, the difference between the signal-receiving 
timings at the receiving station 12 will be a TDOA with which the 
path diversity is effectively exerted, thus improving the 
transmission characteristics. 

[0228] Moreover, since the overlap area Bl and the overlap area 
B2 share the same transmission timing, the relationship between 
the overlap area Al and the overlap area Bl in terms of the timings 
at which signals are received by the receiving station is the same 
as that between the overlap area Al and the overlap area B2 . 

[0229] As described above, according to the present embodiment, 
groups of wireless stations are arranged in a planar pattern, each 
group including wireless stations arranged in a row, whereby it 
is possible to cover a larger communication area while exerting 
a path diversity effect . Moreover, a signal froma wireless station 
far away from the receiving station does not cause interference 
for the receiving station, but can contribute to the path diversity 
effect. 

[0230] The present embodiment has been described above with 
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respect to a case where there are eight wireless stations forming 
four overlap areas, the number of wireless stations can be increased 
successively, while determining the delay amounts as described 
above, to increase the number of areas. 

[0231] FIG. 39 shows an example of an arrangement of overlap 
areas formed by a plurality of wireless stations. In the wireless 
transmission system of the seventh embodiment, a plurality of 
overlap areas, such as the overlap areas Al to El, are arranged 
in a linear pattern as shown in FIG. 39. In FIG. 39, a plurality 
of groups of overlap areas are combined together, wherein each 
group of overlap areas are arranged in a linear pattern. The 
overlap areas Al to El are adjacent to the overlap areas B2 to 
F2, and the overlap areas B2 to F2 are adjacent to the overlap 
areas C3 to G3 . Where each overlap area is formed by communication 
areas of three wireless stations, signals transmitted from the 
foremost and rearmost wireless stations will be the first arriving 
waves, in a white overlap area such as Al or CI. In contrast, 
in a gray overlap area such as Bl or Dl, signals transmitted from 
the foremost and rearmost wireless stations will be the second 
arriving waves. By combining overlap areas as described above, 
it is possible to cover a wider communication area while exerting 
a path diversity effect. 

[0232] Note that while the seventh and eighth embodiments have 
been described above with respect to a case where the wireless 
stations are arranged at regular intervals with an equal 
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propagation time difference P between each pair of adjacent 
wireless stations, even if there are differences between the 
propagation time lengths, the receiving station 12 can receive 
signals at two timings, irrespective of the area in which the 
receiving station 12 is located, by having the transmitting station 
adjust the transmission timings. While the seventh and eighth 
embodiments have been described above with respect to a case where 
the receiving station receives signals f romthree wireless stations, 
the receiving station may alternatively receive signals from four 
or more wireless stations while setting the delay amounts so that 
the number of signal-receiving timings reduced down to two. 
[0233] Moreover, in the seventh and eighth embodiments, the 
delay amounts given to signals to be transmitted to the wireless 
stations may be varied by adjusting the lengths of the wired 
transmission paths between the transmitting station and the 
wireless stations, instead of giving the delay amounts tA, tB, 
tC and tD to the signals. Then, it is not necessary to give a 
delay to a signal at each wireless station. 

[0234] In the seventh and eighth embodiments, the transmitting 
station transmits signals to the wireless stations after giving 
delay amounts to the signals. Alternatively, the transmitting 
station may specify, to the wireless stations, the delay amounts 
tobegivenby the wireless stations to the signals to be transmitted, 
as in the sixth embodiment. In such a case, the transmitting 
station transmits signals to the wireless stations at the same 
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timing. Then, each wireless station transmits a signal to the 
receiving station while giving the signal a delay amount specified 
by the transmitting station. 

[0235] While the fifth to eighth embodiments have bee described 
above with respect to a case where the transmitting station and 
each wireless station are connected to each other via a wired 
transmission path, the transmitting station and each wireless 
station may alternatively be connected to each other via a wireless 
connection. 

[0236] Moreover, modulation/demodulation schemes other than 
those specifically mentioned in the first to eighth embodiments 
may be used for communication. The modulation/demodulation 
scheme is not limited to any particular scheme as long as the 
modulation scheme combined with the demodulation scheme can exert 
an anti-multipath property. 

[0237] The various functional blocks provided in the wireless 
station, such as the delay amount determining section or the 
transmission timing control section, as described above in the 
embodiments are typically each implemented in the form of an LSI 
being an integrated circuit. These functional blocks may be 
individually formed into a separate chip or some or all of them 
may be formed together into a single chip. 

[0238] The wireless transmission system of the present 
invention can be used as a multi-station simultaneous transmission 
system in which wireless stations simultaneously transmit signals 
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in a relay transmission operation. Particularly, the present 
invention can be used in a system for connecting electric appliances 
together via a wireless connection in a house, where it is expected 
that the plurality of wireless stations will be so close to one 
5 another and the propagation distance is soshort that it isdif ficult 
to obtain a path diversity effect, or in a dedicated short range 
communication (DSRC) system or a road-vehicle communication system, 
where the communication areas are limited and the 
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transmitter-receiver propagation time length can be intentionally 
adjusted during the design phase. 



INDUSTRIAL APPLICABILITY 

[0239] The present invention is useful as a wireless 
transmission system and a wireless transmission method, with which 
15 it is possible to obtain a maximum path diversity effect even if 
the maximum number of effective branches that contribute to the 
y path diversity effect is limited to a small number, and as a wireless 

station, a transmitting station, etc., for use therein. 
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